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SECTION 1 

INTRODUCTION AND SUMMARY 


1.1 INTRODUCTION 

This report eumraarizes the results of a study performed by the Aeronutronic 
Division of Ford Aerospace & Communications Corporation (FACC) for the Jet 
Propulsion Laboratory (JPL) as part (Task 12) of the Small Community Solar 
Thermal Power Experiment, Phase II. The study objectives were to investigate 
several aspects of incorporating a thermal energy transport system (ETS) into 
a field of parabolic dish collectors for industrial process heat (IPH) applica- 
tions. Specific objectives were to: 

• Verify the mathematical optimization of pipe diameters and insulation 
thicknesses calculated by a JPL computer code. 

• Verify the cost model developed by JPL for pipe network costs using 
conventional pipe network construction. 

• Develop a design and the associated production costs for incorporating 
risers and downcomers on a JPL specified Low Cost Concentrator (LCC). 

• Investigate the cost reduction of using unconventional pipe construction 
technology. This investigation was an uncontracted effort performed 

by FACC in connection with this study. 

These objectives were accomplished by a detailed analysis of the pipe network 
design and costs for a particular IPH application, specifically solar thermally 
enhanced oil recovery (STEOR). The selected application has been under study 
by Exxon Research and Engineering Company, Linden, New Jersey and involves the 
hybrid operation of a solar powered steam generator in conjunction with a steam 
generator using fossil -fuels to generate STEOR steam for the wells in Exxon's 
Edison Field, located near Bakersfield, California. 

The STEOR application provided a baseline pipe network geometry used for 
optimization studies of pipe diameter and insulation thickness, and for devel- 
opment of comparative cost data. It also provided operating parameters for 
the design of riser/downcomer modifications to the Low Cost Concentrator (LCC). 

1.2 SUMMARY OF RESULTS 

The JPL methodology and mathematical procedures for optimization of pipe net- 
work diameters and insulation thicknesses are substantially validated by com- 
paring results calculated by the JPL code with those computed for an identical 
case (pipe network geometry and cost model) using a FACC-derived optimization 
code based on a different mathematical approach. The comparison was based on 
conventional pipe network construction. 
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A dfC Ailed design and cose analysis of She solar thotraally enhaneed oil 
recovery (STEOR) pipe network uhows chat the pipe network costs compare reason- 
ablv well (within 20%) with those predicted by the JPL cost model. PACC recom- 
mends a minor modification in the way which the JPL code calculates the cost 
of cnermal expansion joints which will bring the cost comparison within 10 
nnrc»‘» 4 C. Other than this suggested change in calculation technique the JPL 
lonventronal pipe network cost model is substantially verified based on the 
results of this study. 

The non-contracted FACC study conducted as part of this overall effort shows 
riuit the introduction of various non-conventional pipe network construction 
techniques can reduce the conventional costs by about 33%. The techniques 
which offer the reduction are; 

• Use of flexible hose to replace field* constructed expansion joints 

• Use of pile driven prefabricated pipe supports 

• Use of field shop construction and automated welding equipment 

In addition a buried pipe approach is described herein which may offer large 
potential cost reductions. 

The addition of risers and downcomers to the LCC presents a significant 
cost increase ($29/m^) to the overall IPE system sests. The high costs are 
a particular problem with' the LCC due to its design characteristics which 
increase the difficulty of providing flexible gimbal lines at the asirauth and 
elevation joints. The LCC design characteristics which contribute to the 
difficulty are; 1) the large separation between elevation and azimuth axes, 

2) the large diameter azimuth wheel and track design, and 3) the unique outboard 
location of the elevation trunnions which are designed solely for inverting 
Che dish. ** 

Risers and downcomers for more conventional dishes show significant cost 
reductions since the orthogonal axes are generally co-located, It is estimated, 
for example, that riser/downcomer costs for a single post design could be 
reduced between 40 and 50 percent based on a design rationale presented in 
this report. ,,, 

A more detailed summary of the conclusions and recommendations of the study 
is presented in Section 8 of this report, 
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SECI’ION 2 
STUDY REQUIBiMENTS 


ir 


2.1 STATEMENT OF WORK 

The key requireraenta of Che JPL SCatement of Work are autnaarized in Table 2-1. 
The work is divided into Tasks A and B. Task A includes assessment of the 
JPL piping methodology (computer code) and verification of the JPL conventional 
cost model. Task B includes the design of modifications to the SCSE (EE-1) 
solar electric system to incorporate IPH features, developing costs for the 
modifications, and generating pipe network costs parametrically as a function 
of IPH temperature and plant size. 

Task A 


The JPL pipe network optimization methodology utilizes a Lagrange multiplier 
method for calculating the pipe diameters and insulation thickness of individual 
pipe segments. This was used to find the minimum overall pipe network costs. 

The computed pipe diameters, lengths, and insulation thicknesses were thee 
applied to the JPL conventional construction coat model to calculate the cost 
of the thermal tr#/f.lport network. 

A pipe network optimization computer program based on a different mathematical 
approach was developed by FAGC. Both the FACC and JPL programs were used to 
calculate the baseline STEOR pipe/insulation sizes and cost (based on the JPL 
conventional cost model). Assessment of the JPL optimization methodology con- 
sisted of comparing the results of these two codes. 

Evaluation of the JPL conventional cost model was accomplished by comparing 
the results of a detailed cost analysis of the baseline STEOR pipe network 
with those predicted by the JPL cost model. 

Task B 


The major iKjdifioation to the SCSE system required for its use in the selected 
IPH application would be the addition of riser/downcomer assemblies to the 
dish (no significant modifications will be requireed for the receiver to be 
used for steam generation). These assemblies must be capable of accommodating 
the dish motion about the elevation/azimuth gimbals. 

The portion of Task B related to the parametric development of pipe network 
coat estimates as a function of IPH temperature and plant size was addressed 
by using the FACC pipe network optimization code and the JPL conventional cost 
model. Temperature variation was examined by generating pipe network costs 
for the baseline STEOR application and for two other oil field pressures cor- 
responding to two lower steam temperatures. The variation of plant size was 
examined by maintaining the baseline STEOR temperacure/pressure conditions, 
and increasing the plant size. 
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UneontracCed Effort 

FACC also conducted additional work to enhance the overall effort, ao indi- 
cated by the items in Table 2-1 flagged with an astoriskt The use of uncon- 
ventional pipe network conatruction technology was studied and evaluated as 
part of Task A. The cost benefits derived from those approaches were incorporated 
as modifications Co the conventional cost matrix in order to predict potential 
reductions in pipe network costs. 

As part of the parametric study conducted in Task B, an additional case was 
computed based on the use of advanced, reduced cost, conatruction techniques, 

2.2 STRUCTURE OF STUDY 


The various elements of the IPH study hove been addressed by selecting a 
baseline IPH application which provided the input data and requirements for 
all of the tasks to be performed. Figure 2-1 illustrates the interrelationship 
between the selection of the baseline IPU application and the work elements 
comprising the overall study effort. 


All elements were keyed to the baseline solar thermal enhanced oil recovery 
(STEOR) application. The requirements of this application were used to size the 
solar collector field and define the thermal process parameters: pressure, 

temperature, and flowrates. The baseline field geometry and theraal properties 
were then specified in both JPL and FACC computer codes. These were uted to 
calculate the pipe diameters and insulation thicknesses which in turn yielded 
minimum cost of the pipe network system*. A favorable comparison of the two s«?ts 
of diameters and thicknesses served as a mutual validation of the two codes, 
thereby satisfying part of the Task A study requirement. 


The^ remainder of Task A was completed by using the field geometry^* pipe 
sizes, and insulation thicknesses calculated in the baseline optimization as 
•the basis for generating an actual pipe network design. Thxs involved the 
specification of fittings, valves, expansion joi,nts, pipe guides, and anchors 
for the network. A bill of material was constructed and a detailed, bottoms-up 
costing of labor and material elements performed. These costs were entered into 
a cost matrix from which the total network cost was computed using appropriate 
labor rates, taxes, and indirect charges. The resulting pipe network cost was 
compared to the corresponding cost predicted by the JPL model as part of the 
earlier pipe network optimization computer code verification task. An analysis 
and^ evaluation of these results provided the basis for verification of the JPL 
conventional cost model. 


The additional (uncontractwd) effort performed as part of Task A was to 
identify and evaluate several unconventional or advanced approaches to pipe 
network construction which have the potential of reducing conatruction costs. 
This was accomplished by modifying the conventional cost matrix to account for 
the benefit of alternate low cose construction techniques and computing the 

*Capital cost plus cost of thermal and frictional energy losses. 
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FIGURE 2-1. IPH STUDY PROGRAM STRUCTURE 
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resultant pipe network costs for comparison with the conventional construction 
cost estimate. Two of the advanced construction techniques, automated welding 
and prefabricated pipe supports, had been previously identified in JPL studies. 
Two other approaches were originated by FACC. 

As shown in Figure 2~1, Task B was accomplished by performing a detailed 
design of the riscr/downcomer assembly for the JPL-specif ied Low Cost Concen- 
trator (LCC) using the baseline STEOR thermal parameters and flowrate require- 
ments. Figure 2-1 identifies this task as the LCC flexible gimbal joint design.. 
A cost analysis of the detailed riser/do\/ncoraer design was then prepared. 

The second portion of Task B, the parametric study, used the baseline STEOR 
network and heat requirement, but recomputed the flowrates to correspond to 
two lower field pressures and temperatures. The lower temperature STEOR 
requirements were then input to the FACC pipe optimization code which re- 
optimized the pipe and insulation sizes and recomputed the pipe network cost 
for the reduced temperature conditions. The JPL conventional cost model was 
used for the pipe network cost calculation. 

The baseline STEOR network and parametric analyses were computed using a 
JPL specified cost-of-energy of $1500/kWs-. JPL later requested that the para- 
metric study cases be reoptimized using a cost-of-energy of $500/kW(.. Para- 
metric results were, therefore, calculated for' both cost-of-energy values. 

The baseline STEOR case was also modified to study the effect *of a larger 
noj;tjrortf sizs (by 4.8 times) for the same temperature/pressure conditions as 
the baseline case. This larger size corresponds to the_ solar system required 
,;,^to completely replace the annual steam output of a fossil fuel generator. 

An additional computer analysis (uncontracted work) was performed to deter- 
mine the cost of the baseline STEOR pipe network using the JPL advanced (or 
unconventional) pipe network cost model. 

2.3 SELECTION OF BASELINE IPH APPLICATION “ 

A realistic solar IPH application was selected to define the field geometry 
and thermal requirements for the baseline pipe network. Potential process 
heat applications for the baseline case were identified at the SERI Solar 
Industrial Process Heat Conference held in Houston, Texas during December 16-19\, 
1980. A review of the potential applications showed that most were either 
too small (repowering of food processing plants, etc.) or too constrained by 
interfacing requirements with existing plant equipment or plant real estate 
limitations to be well suited to the purposes of this study. The exceptions 
were the STEOR applications described below. 

2.3.1 EFXON APPLICATION 

An application which appeared well suited to the objectives of this study 
was the solar thermal technology for enhanced oil recovery application 
described in a special presentation made by the Solar Thermal Systems Division 
of Exxon Enterprises, at the SERI IPH Meeting. In this application, injection 
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of stoam into oil fields is used to increase the production of heavy oil - like 
that found in southern California - from less than 10% to as much as 50% of 
the oil in place. The increases are currently realized by using steam produced 
from burning fossil fuels. The technique used is one in wiuch steam is con- 
tinuously injected into injection wells to force out oil in adjacent or producing 
wells. A considertble potential for energy savings exists because from one- 
aixth to one-third of the oil recovered is normally used to fire the fossil 
fueled steam generators. 

The Exxon application is based on the Edison Field located about seven miles 
southeast of Bakersfield, California, as shown in Figure 2-2. The Edison field 
•requirements are reasonably representative of Kern County, California heavy 
oil fields, except that the steam injection pressure is among the highest found 
in the area. 

Separate investigations have been conducted by Exjcon on the technical and 
economic feasibility of solar thermal technologies for enhanced oil recovery 
applications at the Edison field. Under DOE Contract No. DE-AC03-79CS30307, 
an Exxon-led team investigated the usfe of line focusing distributed receiver 
systems. Also Exxon was a subcontractor to Martin-Marietta on a team which 
examined vhe use of heliostat central receiver systems under DOE Contract No. 
DE-AC03-79SF10737. These studies suggested that solar energy systems could 
be technically capable of displacing fossil energy for enhanced oil recovery. 
Predicted system economic performance was highly dependent on uncertain future 
factors including; energy displaced, capital and operating costs, special tax 
and regulatory incentives, and disp, laced fossil energy cost determinants includ- 
ing taxes and escalation. A preliminary market screening analysis of California 
oil reservoirs indicated a significant potential for solar applications. 

FACC contacted Exxon Enterprises for additional information on the STEOR 
application. Exxon was very helpful and provided copies of the final rpj?.ort 
for the line focusing distributed receiver system study. When the intent of 
the pipe network study was explained, Exxon suggested a "starter" solar system 
for which they had examined alternate solar collection technologies: 1) central 

receiver heliostats, 2) line focusing troughs, and 3) point focusing dishes. 

In the "starter" system applica,tion, a solar powered system would work in 
parallel with a fossil fueled steam generator to deliver steam continuously 
to the injection wells. Ihe solar unit was sized to supply or replace about 
20% of the annual fossil fuel steam generator output, rated at 25 MRTU/hour. 

At conditions of maximum insolation the solar generator contributes about 75% 
of the ^total steam generation and the fossil fuel unit is modulated to contri- 
bute the 25% balance. During the night, or conditions of zero insolation, 
all the steam is provided by the fossil fuel unit. 

Table 2-2 sutnmarizes the basic requirements of the STEOR requirement. The 
hybrid mode of operation has been described in conversations with Exxon Enter- 
prises and has not been independently investigated by FACC. 



FIGURE 2-2. LOCATION OF CALIFORNIA HEAVY OIL FIELDS 
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2.3.2 FIELD GEOMETRY 

The Low Cost Concentrator (LCC) development by General Electric Company 
was designated by JPL as the ba'yeline dish for the present XPH study. The 
LCC was selected by JPL because it has well documented design characteristics. 
Table 2-3 summarises the LCC dish spacing and field sizing parameters used 
to determine Che baseline field geometry. A simplified layout of Che field , 

is shoim in Figure 2-.''. 

Ideally, the optimum sizing and geometry of a dish-solar array should take 
into account all of the system cost elements, including Che cost of real estate, 
the pipe-network costs and thermal and shading losses. Selection of the base- 
line field geometry did not include the cost of real estate. Instead, the 
field was made as compact as possible to minimize Che lengths of pipe required, 
but with sufficient spacing between dishes to; 

(1) Have acceptable mutual shading losses from adjacent dishes and, 

(2) Permit truck access for construction and maintenance. 

A brief analysis of shading losses was performed Co determine their variation 
with ground cover ratio (packing density) and for various north-south (LNS) 
and east-west (LEW) spacings (expressed in dish diameters). The results of 
this study are documented in Appendix A. The results show that a_ ground cover 
ratio of 0.42 and a 1.25 LNS x 1.50 LEW dish spacing will result in an annual 
shading loss of about 8 percent. When this shading loss was combined with 
the LCC collection efficiency and a nominal allowance made for- thermal losses 
(see Table 2-3), the field size calculated to satisfy the STEOR thermal require- 
ment was 72-1/2 dishes. For purposes of this study a 72 dish, 9x8 field array 
was used as shown in Figure 2-3. This field geometry is about Che most compact 
considered practical within the constraints of vehicle access and acceptable 
shading losses. 

The pipe network configuration consists of 18 identical feeder lines, each 
servicing four dishes and oriented in a porth-scuth direction. The feeders sup- 
ply (and tap) a centralized header which discharges at the east end of the field. 
The orientation of feeder and header lines was derived by minimizing the number 
of pipe sizes and the summed product of diameter times length for the various 
segments, both .of which translate directly to pipe network cost. 

2.3.3 THERMAL CONVERSION PROCESSES 

The optimum thermal process for converting treated and pressurized feedwater 
to saturated steam at the solar field discharge header was not self-evident. 

In earlier studies of trough collector fields for an Edison field application, 
Exxon Enterprises had considered several thermal processes. These were re- 
evaluated for the dish-solar system., Table 2-4 lists the three thermal con- 
version processes examined and a brief summary of the evaluations. 


•fe- 
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TABLE 2-3. BASELINE CASE FIELD GEOMETRY 

c 

• SHADING 1,25 LNS x 1.50 LEW (0.83 AR) SELECTED AS OPTIMUM DISH 

CONSIDERATIONS; SPACING FOR 0.45 PACKING FRACTION 

- THIS GEOMETRY CONSIDERED MINIMUM SPACING FOR DISH 
CONSTRUCTION AND MAINTENANCE OF FIELD 

- ANNUAL SHADING LOSS - 8 PERCENT 

• FIELD SIZING; LCC 12m DIA DISH, TIcol “ 0.68, Ac = 113.1 ra^ 

SHADING LOSS, nsHADE “ 

THERMAL TRANSPORT LOSS riEq-s “ 

ANNUAL INSOLATION, H » 2270 KWH/m2 - YEAR (FRESNO TMY) 
ANNUAl. HEAT LOAD, Qr = 11.42 x 10^ KWH/YEAR 
NUMBER DISHES REQUIRED; 

N = Qr/Ac 'Hcol 'HsHADE "nETS ^ 

= [ll.42xlO°/(113.1)(O.68)(O.92)(O.98)(2270)] 

if' 

72.5 DISHES 

(72 DISHES USED FOR FIELD SYMMETRY) 





FIGURE 2-3. 72 DISH FIELD IGEMETRY 
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TABLE 2-4. STEOR THER^IAL CONVERSION PROCESSES 
CONSIDERED FOR BASELINE IPU NETWORK 


PROCESS 

— 

DESCRIPTION 

EVALUATION 

• FLASH SEPARATOR. 

HIGH PRESSURE (1200 PSI) 
WATER DIRECT HEATED TO 
600°F IN SOLAR RECEIVERS. 
FLASHED (THROUGH VALVE) TO 

1, RESULTS IN ONLY 
2 PERCENT OF WATER 
CONVERTING TO STEAM. 


WATER/ STEAM AT 850 PSIA. 

2. LARGE FLOW RATE AND 
TRANSPORT LOSSES. 

• UNFIRED BOILER 

HEAT TRANSFER FLUID 
(THERMINOL 88) HEATE>? IN 
RECEIVERS AND PASSED IN 
SERIES THROUGH CENTRAL 

1. LOW STRESS UNPRES- 
SURIZED PIPE 
NETWORK. 


BOILER AND FEED WATER 

2. EFFICIENCY VERY 


HEAT EXCHANGER. 

SENSITIVE TO TEM- 
PERATURE OF DELIV- 
ERED H.T. FLUID, 


Mt 

3. COST OF UNFIRED 
BOILER AND FEED- 
WATER HEAT 
EXCHANGERS IS 
CHARGEABLE TO ETS. 



4. FIRE HAZARD OF 
THERMINOL. 

5 . HIGH THERMINOL 
FLOW RATES. 

• DIRECT GENERATION 

70°F FEEDWATER PUMPED TO 

1. NO NEED TO INSU- 

OF 850 PSI STEAM 

850 PSI A.ND CONVERTED 

LATE FEED WATER 

WITHIN RECEIVER. 

DIRECTLY TO STEAM WITHIN 
INDIVIDUAL RECEIVERS. 

LINES . 

2. NO THERMAL CON- 
VERSION EQUIPMENT. 

‘fr 


3 . ACCEPTABLE SAFETY . 

* 


4. SOME RECEIVER 
MODIFICATION MAY 
BE REQUIRED. 
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Flaah Separator . Tho flash separator consists of heating water pressurized 
to 1200 psia in the individual receivers and passing the collected hot. water 
through a central expansion valve where it is isenthalpically expanded to 850 
psia to produce a liquid/vapor mixture. However, this process results 'in only 
2% of the water converting to steam. The residual water must then be repumped 
to 1200 psia and returned to the individual receivers for reheat. The large 
flowrates and heat losses which result from this process eliminated it from 
further consideration. 

Unfired Boiler . The second process considered was an unfired boiler in which 
low pressure heat transfer fluid is circulated through the solar field and steam 
is generated in two centrally located heat exchange units. A schematic of this 
approach is shown in Figure 2-4. Two separate heat exchangers are required, 
a feedwater heater and a boiler. 

The apparent advantage of the un fired boiler approach is that the pipe trans- 
port network is unpressurized. I.n the particular STEOR application selected, 
this benefit is greatly offset by the upper operating temperature limit of the 
heat exchange fluid which results in low temperature differentials across the 
heat exchangers and large flowrates and line sizes. Figure 2-5 shows the problems 
encountered with the unfired boiler heat exchanger. Therminol 88 was selected 
for the heat transfer fluid because it has one of?, the highest operating temperature 
capabilities of all the available commercial candidates. From Figure 2-5A . 
it is obvious that the temperature of Therminol leaving the boiler must exceed/ • 
527°F steam saturation temperature. If the boiler inlet temperature of the 
Therminol (T^{) is set by the maximum service temperature of the fluid - about 
750°F - and the exit temperature (Tg) set above the saturation temperafure 
(e.g.; 527°F), the boiler effectiveness was a reasonable value of about 0.80. 

The mass flowrate of the Therminol is then automatically set by the relationship 








Cl) 


where Qg is the latent heat of vaporization required to vaporize the steam 
flowrate required for TEOR injection. Note that all values of Equation (1) 
are relatively fixed; Qg by the thermal load requirements, Ty by the upper 
operating temperature limit for Therminol, and Tg by the saturation temperature 
of the steam. 


In the series-connected heat exchanger arrangement shown in Figure 2-4 the 
mass flowrates of both Therminol and water are fixed by the boiler heat exchange, 
and hence the inlet and discharge temperature of both water and Therminol in 
the feedwater heater is also fixed. Figure 2-5B shows tue variation of Ther- 
minol return temperature to the solar field as a function of discharge temper- 
ature from the field for two assumed boiler efficiencies. Also shown is the 
variation in required flowrate of Therminol, nondimens ionalized in terms of 
the steam flowrate. As shown in Figure 2-5B, operation at the highest tempera- 
ture allowed for Therminol 88 results in a flowrate requirement six times that 
of the water or steam flowrate. 
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The primary diandvancagc of the unfircd boiior ia that large flowrates 
of fluid (Therminol 88) are require'* to achieve the desired heat traaafer. 
This results in large pipe sizes , and a larger volume of heat transfer fluid. 
In addition to the more expensive pipe and fluid, the cost of the two hoot 
exchanBcrs should also be assigned to the pipe network cost. 


Direct Generation of Steam in Receiver 

Direct generation of steam within the solar receiver is shown schematically 
in Figure 2-6. The disadvantage of this approach is that the entire pipe net- 
work and receiver must be pressurized to 850 psig. However, pressurized steam 
pipe netwox'ks are very common industrial installations and are routinely con- . 
structed of carbon steel pipe. Tlie ASHE Standard Code for Pressure Piping 
for schedule 80 pipe allows A-53B and A-106B carbon steel pipe to operate at 
temperatures to 600°F and pressures of 1200 psia. At a temperature of 800*^ 
the allowable pressure is 800 psia. 

The direct heated receiver FACC has developed during the SCSE Phase 11 pro- 
gram is designed to heat toluene at supercritical pressure (k 650 psia) to a 
temperature of 750°F. Examination of the receiver design indicates it is struc- 
turally capable of operating with 527°F steam at 850 psig at about one-half 
the allowable ASME stress level. 


As indicated in Table 2=A the direcE generation of steam within the receivers 
has the benefits that there is no need to insulate the feedwater supply lines, 
and no need to provide additional heat exchanger units as in the case of the 
unfired boiler. 


Comparative Pipe Network Costs * 


In order to make a comparison of the pipe network costs for the unfired boiler 
with that for the direct generation of steam, the data for both approaches was 
input to the FACC pipe network optimization program. This program incorporated 
the JPh conventional pipe network cost model. The 72-dish network geometry 
was the same as shown in Figure 2-3, except that an equal north-south and east- 
west spacing of 1.5 dish diameters was wied, which did not affect the comparison. 
(The dish spacing was later refined to a more compact field for the baseline 
network.) The results of the optimization for the two thermal processes are 
presented in Table 2-5 and show clearly that direct generation of steam in 
the receivers has about a 28 percent lower pipe network cost. The costs of 
feedwater and boiler heat exchangers were not included in the cost of the unfired 
boiler (Therminol 88) pipe network costs,* these would drive the cost comparison 
even more to the approach of direct generation of steam within the receivers. 
Thus, direct generation of steam was the thermal, process selected for the base- 
line STEOR pipe network application. 
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SECTION 3 

OPTIMIZATION CODE VERIFICATION 

JPL pipe network optimization code uses the input data for the pipe 
ne<5xics5>k geometry and thermal input/output requirements, and calculates the 
di..23jeN;‘^vs and insulation thicknesses^of the individual pipe segments to yield 
ms.'T'iiflnnn overall pipe network cost. The minimization process includes the 
£o:I-cx.\rig ; 

Coat of installed pipe 
vi') Cost of insulation surrounding the pipe 

Cest of energy (or power) loss by heat conduction 
<4') Cost of energy required to pump the fluid 
Cost of the fluid which fills the network. 

A portion of Task A of the Statement of V/ork was for FACC to indepen- 

deacl>^“ -verify the JPL pipe optimization code. The procedure by which this 
vesr t i on was accomplished is summarized in Table 3-1. , . 

3.,:: S^CONTRACTUAL WORK 

'i.'S>aicated in Table 3-1 the verification process was started on a precon- 
basis. JPL supplied their pipe optimization code and documentation . 
tc- foj review. In addition JPL supplied the input data for a 512-disfi 

nesrwrcsi,.. These inputs included the data for the five cost elements of the 

^s^fvsvork identified at the beginning of this section. The cos*t-of-energy 

to pump fluid or to evaluate thermal losses was specified as $1500/kWj.. 

"reviewed the JPL supplied documentation, generated a FACC optimization 
cede- used a different mathematical approach, and performed comparative 

cprrmti-^r^txon calculations on the 512-dish network using the JPL and FACC codes. 

of the JPL mathematical optimization showed that the equations for 
friction and heat loss were conventional relationships. 

"anathematical optimization procedure used by FACC was based on a Lagrange 
techniqvie, in which the optimization of the insulation thickness 
was i'4'«r.r>upled from the optimization of the pipe diameter. The details' of the 
prcc^«,t ~42 used are described in Appendix B. FACC utilized a different mathema- 
•^tr'bproach than JPL for determining the minimum pipeline cost (Appendix B). 
The approach, summarized in Table 3-2, minimized the total cost function 

fee eaesn’ pipe segment by setting to zero the partial derivatives of total cost 
wrtm- r“sf4«pect to diameter (d^) and with respect to insulation thickness (S^). 

The was a coupled pair of transcendental' equations in d^ and 5^. These 


*Canr;.. 


I cost plus cost of thermal and frictional energy losses. 
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equations wore solved independently Cor eeoh pipe seppjont and the resultant 
diameters and thicUnesaos were used to compute the minimum value ol; the total 
coat function. 

An existing FACC pipe network code was modified to incorporate the optimiaa- 
cion technique dcacribed above aa part of the procontraetual effort. %o case 
of the 512-dish network specified by JFL was then optimized using both the 
FACC and the JPL codes. A comparison of the results is presented in Appendix B 
and shows that the tm codes are in good agreement, with the minimum network 
pipe cost agreeing within one-half percent. Hot side pipe sizes and insulation 
distributions compared reasonably well, but minor disagreements were obtained 
between the cold side diameters calculated by the two codes, 'fljcse disagree- 
ments became more pronounced in subsequent verification comparisons of the 
baseline STEOR application and are discussed later in this section. 

3.2 CONTRACTED OPTIMIZATION CODE VERIFICATION 

As described in Section 2.2 the baseline IPll network was used as an addi- 
tional case for mutual verification of the JPL and FACC pipe network optiraiza- 
tion codes, Tlie pipe network geometry showi\ in Figure 2-3 was input to both 
codes along with the steam system thermal inputs shown on Figure 2-6. There 
was no cold side insulation since 70°F feedwater was used. 

3.2.1 BASELINE APPLICATION RESULTS 

Table 3-3 compares the pipe diameters and insulation thicknesses calculated 
by the two codes for the baseline STEOR pipe network. A coniparison of the 
calculated hot side pipe diameters and insulation thicknesses shows very good 
agreement, however, the agreement for the cold side pipe diameters was not good. 
For example, the smallest cold side pipe drameter calculated by the FACC code 
is 0.234 inch and is 0.160 inch for the JPL code (see Table 3-3). The reason 
is discussed in Paragraph 3.2.2. 

The cost comparison shown in Table 3-3 indicates agreement within about 
5X, wl^ich is reasonably good. 

3.2.2 JPL COUPLING EFFECTS 

The essential features of each code are compared in Table 3-4. Tlae source 
of the difference was found to be due to the mathematical coupling of hot and 
cold side diameters in the JPL code. If the cold side network optimization 
is decoupled from the hot side optimizacicn, the JPL code calculates the cold 
side pipe sizes shown in the last column of Table 3.3. The recalculated cold 
aide diameters are then in much better agreement with the FACC coda results. 

Table 3-5 is a summary of the pipe size and pipe network costs calculated 
by the two codes. Good agreement is obtained when the optimization of pipe 
size and insulation thicknesses on the hot and cold side are decoupled in the 
JPL code. A alight improvement in network costs (which were already in reason- 
ably good agreement, as indicated above) is achieved by this decoupling. Tl\e 
lower pipe network costs calculated by the FACC code (4.3 percent lower) are 
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*(1) FLOW UNIT = .061 LB/SEC NETIWRK COST = 

(2) TURNER CODE HOT/COLD SIDES COUPLED FACC 71.81 $/KW^ 

(3) TURNER CODE IIOT/COLD SIDED DECOUPLED jPL 75.45 $/KW (2) 


TABLE 3-4. COMPABISON OF JPL AND FACG COST OPTIMIZATION TECHNIQUES -ESSENTIAL FEATURES 
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MINIMUM COST IS FOUND BY VARYING TWO • MINIMUM COST IS FOUND BY SOLVING A PAIR OF 

PARAMETER-DIAMETER AND INSULATION COUPLED TRANSCENDENTAL EQUATIONS FOR PIPE 

THICKNESS OF SMALL EST EOT SIDE PIPE ? DIAMETER AND INSULATION THICKNESS ON EACH 
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a attributed to the fact that the optimization procedure of the JPL code is not 
mathematically exact; that is, the decoupling of the pipe diameter optimization 
from the insulation thickness optimization introduces a certain degree of 
approximation into the results. The FACC procedure avoids mathematical approxi- 
mations and yields a lower value for the optimized network cost, 

» 

3.2.3 STANDARD PIPE SIZES 

In the comparisons of the JPL and FACC optimization codes described above 
the minimum cost pipe was first calculated based on the computed minimum inside 
pipe diameter. The FACC program also has the capability to select the diameter 
which yield the minimum cost from a table of standard pipe sizes (using the 
appropriate pipe schedule). The results shown in Table 3-6 for the baseline 
STIiOR network compare pipe diameters and costs for optimum networks constructed 
of mathematical and standard pipe sizes. Table 3-6 shows the total float of a 
network constructed of standard pipe sizes is $78.53/kWt versus $73j60/kW{. for 
a network constructed of mathematical sizes, or 6.7 percent higher. The total 
system cost includes all system costs, both capital as well as the cost of 
lost energy due to friction and heat loss. 

3.2.4 COST OF ENERGY 

The cost of lost energy is part of the pipe network optimization code input 
data. In the 512-dish network input data originally supplied by JPL for the 
pre-contract ual effort, the cost of energy was assessed at $1500/kW|-. This 
value was used in computing the pipe diameters and insulation thicknesses 
for the baseline STEOR pipe network design and also for detailed analysis of 
cowentional construction costs (discussed below). Near the end of this study 
JPL requested that parametric pptimization results be generated using a cost- 
of-energy of $1500/kWt and $500/kWf The influence of specified cost-of-energy 
on pipe network optimization results is discussed in Section 6.0. 
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SECTION 4 

CONVENTIONAL CONSTRUCTION COST MODEL 


The second part of Task A of this study was to verify the JPL cost model for 
IPH thermal transport based on the use of conventional pipe network construc- 
tion technology. This was accomplished by using the baseline STEOR pipe network 
geometry shown in Figure 2-3 and the optimized standard (real) pipe diameters 
and insulation thicknesses shown in Table 3-6 to construct a detailed pipe 
network. This network included a specification of the pipe, fittings, valves, 
expansion joints, pipe supports, and insulation. From the detailed pipe net- 
work design a bill of material was constructed and material and labor costs 
were estimated. This bottoms-up cost estimate of the network was then compared 
to the costs predicted by the JPL conventional cost model. 

4.1 PIPE NETWORK DETAILED DESIGN 

Figure 4-1 shows a layout of the baseline STEOR pipe network. As shown in 
Figure 4-1 (and previously in Figure 2-3) the network consists of an 8x9 dish 
array with four dishes connected to eighteen north-south running feeder lines. 
Each feeder line is connected to four dishes and consists of both the feedwater 
a'uppiy and steam discharge pipe. The eighteen feeders are connected to a cen- 
tral east-west header running the length of the field and discharge at the 
east end of the field. The feedwater supply line runs parallel to the steam 
lines except they span the steam-line expansion joints. 

Figure 4-2 shows two of the feeder lines which are typical of all eighteen 
feeders. The north-south axis of the feeders has been rotated 90 degrees for 
easier presentation. The outer circle at each dish location represents the 
diameter of the concrete pad on which the LCC is mounted. 

Arrangement of Pipe Anchors 

The riser/downcomer design discussed in Section 7 emerges at the edge of 
each pad and enters the feeder line using welded 3,000 lb 'sockolet' fittings 
of the type shown in Figure 4-3. The feeder lines are anchored at the point 
where the riser /downcomer enters the dish. The anchor is a reinforced steel 
concrete pillar to which the steam feeder line is welded and the water line 
is clamped. A similar pipe anchor, shared by both water and steam lines, is 
located on each header at the location where opposing feeder lines penetrate 
the header. Details of the construction are given in Section 5. 

P ipe Size 

All pipe in the proposed network is schedule 80 type A-106B or A-53B carbon 
steel. The ASME Standard Code for Pressure Piping specifies an allowable stress 
level of 15,000 psi at operating temperatures to 600°F for A-106B and A-53B 
welded pipe construction. 
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Fittings 

Fittings selected for pipe sizes up to 2-1/2 inch nominal diameter were the 
welded 'sockolet' design. This type of fitting is more expensive than butt- 
welded fittings but requires less labor for joint preparation, installation 
and welding. Characteristics of the sockolet design and line penetration are 
shown in Figure 4-3. The sockolet fitting would be used in place of tees at 
the penetration points of risers and downcomers into feeders, and penetrations 
of feeders into headers. Sockolet unions were assumed to occur over every 
20 ft span of pipe not otherwise interrupted by a reducer, elbow, or tee. 

Expansion Joint s 

Approximately 2.5 inches of thermal expansion will occur between the anchor 
points of each feeder line and 3.0 inches between the anchor points on each 
header. This expansion was accommodated by field fabricated expansion joints 
constructed of elbows and straight sections of pipe. The construction of an 
expansion joint involves at least eight elbow welds and also the placement 
of additional pipe supports to support the offset sections of pipe. 

The expansion joint dimensions for the baseline STEOR network were selected 
by calculating the maximum combined (pressure plus bending) pipe stresses aiid 
axial loads for a range of pipe diameters and joint dimensions as shown in 
Figure 4-4. The design points, indicated by the circles in Figure 4-4, were 
selected to provide some unifoxrmity of construction while affording comfortable 
margins of stress. The use of factory fabricated 'omega-shaped' joints was also 
'nvestigated as an alternative to the field fabricated expansion joints. The 
design curves used to size and cost the omega joints are shown in Figure 4-5. 

Pipe Guides 

In addition to the anchors .some guide-type pipe supports will be required 
to support the weight of the pipe against bending. For example, a roller type 
guide will be required at both ends of the field-fabricated expansion joints 
as well as at the middle of the joint to support the offset sections of pipe. 
Since these guides require a concrete support pillar, the pillar is also used 
to mount a simple wate.r line pipe support (shown in Section 5, Figure 5-3A). 

In the case of the steam lines the larger pipe diameter yields a stiffness 
(high section modulus) such that the distance between anchors and pipe guides 
used to support the expansion joints provides sufficient vertical support to 
the steam line. However, calculations presented in Figures 4-6 and 4-7 show 
that additional guide-type pipe supports are required at more frequent spacing 
along Che water lines (lower pipe diameters and section modulus). 
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Shutoff vclves were assumed to be required to shut off the water and steam 
lines to each dish (144 valves) as well as to each feeder line (36 valves). 

Hand operated socket welded globe valves were specified at all locations. In 
addition it was assumed that each steam line would include a pressure relief 
valve (18 valves). A valve was not used at the steam header discharge point, 
but a 2-inch main feedwater inlet valve was specified, as well as a main water- 
line checkvalve. 

All valves were assumed to be hand operated types, but it is likely that 
some valves in a real application would be automatically operated and inte- 
grated into the overall control system. Since this study did not address the 
control aspects o<- the IPH application, the cost for addition of automatic 
pneumatic or ele^ uromechanical valve operators was not included as a pipe 
network cost. 

Insulation 

The steam line was insulated using molded high temperature calcium silicate 
insulation. This material was specified because of the 530°F steam application. 
The insulation would be field installed over the pipes and valves using standard 
thicknesses that most closely appro'ximate the thicknesses calculated by the pipe- 
network optimization computer code. A field installed, prefabricated aluminum 
jacket would be used to weather-seal the insulation. 

4.2 COSTING ASSUMPTIONS 

The purpose of specifying a detailed design for the baseline STEOR piping 
network was to conduct a detailed, bottoms-up cost analysis with which to com- 
pare similar cos>s obtained from the JPL cost model for conventional pipe con- 
struction. The cost estimating assumptions used in performing this task are 
listed in Table 4-1. Conventional field construction would be used to perfom 
all tasks on the pipe network construction site. This includes all cutting 
and preparation (end beveling, etc.) of pipe, and welding of pipe joints and 
the joints of the fittings and valves. The foundations and pillars for pipe 
supports would be reinforced concrete with the concrete poured into hand framed 
forms or preformed fiber 'sonotubes'. The pipe insulation would be premolded 
sections installed in the field. 

The majority of pipe network material and labor costs were obtained from 
General Construction Cost Estimating , Volumes 1 and 3, Richardson Engineering 
Services, Inc., San Marcos, California, 1980. Some of the material costs in 
this reference were independently checked by consulting suppliers or supplier's 
catalogs. A formal quotation was obtained on mill-run quantities of A-106 and 
A-53 pipe and the responses are presented in Appendix D. The independent checks 
of material prices indicated that the Richardson estimating costs may be a few 
percent high, which probably reflects a nominal allowance for delivery of 
materials . 
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The 1981 labor rates specified by Richardson are shown on Table 4-1 and include 
no allowances for contingencies such as remote site travel, hazard pay, or 
other factors. The indirect cost is the contractor's overhead cost. A sales 
tax of six percent was assumed on all material, and 1.5 percent allowed for the 
cost of insurance and performance bonds. A contractor's profit of 10 percent 
was included. 

4.3 COST DATA 

» 

As previously stated the majority of material and labor cost data was obtained 
from the Richardson book. However this reference did not have data for the two 
items of the construction costs discussed below, i.e., insulation and inspection. 

Insulation 


t*remolded calcium-silicate insulation was used for the steam line because 
the 530'^F condition precludes use of slightly less expensive insulating 
materials (e.g., fiberglass). A quotation was solicited from INDASCO, Inc., 
for the insulation sizes required on the oaseline network. A quotation was 
also obtained for aluminum weather seal jacketing for the insulation. A copy 
of the INDASCO quotation is presented in Appendix D. The labor to field install 
the insulation and weather seal was estimated with the assistance of FACC plant 
engineering personnel. ,A direct labor rate of $9/hr was applied to the esti- 
mated labor hours. 

The JPL conventional cost model uses an insulation cost of $20 per cubic 
foot to account for material and direct labor for all pipe sizes. The FACC 
data for insulation was recomputed on a cubic foot basis and the cost distribu- 
tion versus nominal pipe diameter is shown in Figure 4-8. The lower line of 
The figure shows the insulation material cost for straight sections of pipe. 

An additional material cost allowance of 10 percent was used to account for 
insulation around valves and fittings as shown by the second lowest line. 

To this was added the cost of aluminum jacketing to arrive at the total insula- 
tion material cost. Direct labor for installation was added to arrive at total 
insulation cost. The JPL estimate of $20/cubic foot is shown for reference. 

The JPL estimate appears to be' lower for small pipe sizes, but nears the FACC 
cost for larger pipe sizes. 

Inspection 


Inspection requirements for the baseline network were defined to consist of 
dye penetrant inspection of all welds followed by a low pressure (snoop) leak 
check, followed by static hydrostatic proof testing. Tne majority of the costs 
were related to the dye penetrant and leak checks on the individual welds. The 
number of welds of each pipe diameter were counted and a reasonable labor effort 
per joint for the inspection described was assigned. A direct labor rate of 
$16.95 per hour (equivalent to a pipefitter or welder) was applied to the labor 
hour estimate. 
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4.4 COST MATRIX 

The cost data obtained for the various categories of pipe network labor 
and material were entered into a cost matrix having the format shown in 
Figure 4-9. The costs were classified by pipe diameter and included the cost 
categories of pipe, expansion joints, fixtures, valves, anchors, pipe guides, 
foundations, insulation, and inspection. The costs of each category were 
separated into labor, material, direct, indirect and surcharges as shown under 
the "pipe" category in Figure 4-9. The matrix of network costs v.us entered 
into a computer code to perform various accounting functions and arrive at . 
totals. A sample of the computerized matrix for the baseline pipe network 
is included in Appendix C (Figure G-l). The utility of a computerized cost 
matrix is that the costs of alternate construction techniques can be introduced , 
and the total network cost recompuced with minimum effort and good accuracy. 

4.5 RESULTS 

An over-all comparison of the pipe network costs obtained from the detailed 
(bottoras-up) cost analysis and the costs predicted by the JPL cost model is 
shown in Figure 4-10. The JPL cost model does not include indirect contractor 
costs, profit, or taxes and bonds, which should be considered an accounting 
omission. Therefore, a fair comparison of costs required the use of only the 
direct labor and material costs, as indicated by the line of comparison shown 
in Figure 4-10. All subsequent comparisons made in this report will address 
only direct labor plus material costs. 

As indicated in Figure 4-10, the JPL cost model predicts a labor plus mate- 
rial cost about 20 percent lower than the detailed FACC cost model. Tlais is 
considered a fair comparison of the two methods. An examination of the JPL 
cost model a revealed the likely source of the difference was the method by 
which JPL accounts for the cost of expansion joints. JPL employs a curve of 
installed pipe cost (excluding insulation) versus nominal pipe diameter. The 
pipe cost includes material and direct labor for pipe, fittings, valves, etc. 

To account for the thermal expansion joints in hPb“Side pipes, the length of 
hot pipe segments are multiplied by n/ 2 ajjd then multiplied by the cost-per- 
foot ($/ft) value for the corresponding pipe diameter. JPL has indicated 
that the n/2 factor to account for expansion joints represents an approximate 
average of a rather wide range of observed values («1.2 to 1.6). In the FACC 
detailed network cost the addition of field fabricated expansion joints actually 
added about 24 percent to the straight runs of pipe. If a 1.24 factor were 
applied to the JPL hot-side pipe cost instead of a ^/2 factor, the total pipe 
network cost predicted by the, JPL model would reduce from $237K to $212K, which 
wa« within 10 percent of the detailed overall pipe network cost. 

Figure 4-11 shov;s the over all cost comparison for labor plus material for 
both steam and water-side pipelines. As shown, the majority of the difference 
occurs on the water-side of the network. Since 86 percent of the water-side 
pipe is of nominal diameters between 1/8 and 1/2-inch, the JPL model may not 
be accurate for these small sizes. 
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Figure 4-12 compares the makeup ol: costs for the steam-side l-inch diameter 
pipe (which makes up 37 percent of the hot side SXEOR network) with a similar 
breakdown for 1-inch pipe reported by JPL. Since the JPL cost breakdown was 
for schedule 40 pipe, the JPL breakdown was adjusted to schedule 80 by fixing 
the cost of supports and proportioning the other costs based on the ratio 22.00 
($/ft)/l9.60 ($/ft) totals (schedule 80/schedule 40) reported by JpL. As shown 
the installed pipe cost per linear foot for the 1-inch (most common) pipe size 
agrees within 10 percent. The comparison shown in Figure 4-12 does not include 
the factor for expansion joints previously discussed. 

Figure 4-13 shows the labor plus material cost breakdowns obtained from the 
bottoms-up STEOP. analysis distributed according to nominal pipe diameter. The 
dotted line shows the total labor plus material cost distribution predicted 
by the JPL cost model. Since the majority cf STEOR pipe sizes are less than 
1-inch diameter, the comparisons shown in Figure 4-13 resulted in predicting 
a lower detailed network cost than predicted by the JPL cost model. The large 
cost for the 1-1/2 to 4 inch pipe diameters may occur because these are the 
header size pipes and have a larger number of penetrations, etc. 

Figure 4-14 shows a more detailed analysis of a breakdown on the total STEOR 
costs. The left hand column refers to total cost with no breakdown between 
labor and material. The right hand column breaks down the total cost 
between labor and material. 

The significant conclusions from Figure 4-14 are; 

1. Dominant elements of labor plus material cost are; 

A. Cost of insulation (26.3%) 

B. Cost of pipe supports (37%) 

2. Use of automated welding and field shop construction has the 
potential of reducing the following labor costs: 

A. Cutting and welding costs 21% of total cost 

“•I 

B. Ifechanieal costs* 15% 

TOTAL 36% (Maximum possible reduction 
if all labor eliminated) 


e 

I 


The areas outlined above have the greatest potential for cost reduction 
by the use of nonconventional and advanced construction techniques. 


* Mechanical fastening, aligning, etc. 
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FIGURE 4-13 . DISTRIBUTION OF LABOR & MATERIAL COST 
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This section discusses some approaches to pipe network construction to 
reduce overall cost. These represent existing or near-term technology not 
traditionally used in pipe network construction. The use of technologies that 
require major capital investment, such as new factories or automated tooling 
to manufacture prefabricated assemblies, is not included. 

The approaches that were investigated to reduce cost are summarized in 
Table 5-1. Two of these, automated welding and prefabricated pipe supports, 
have previously been identified by JPL. The FACC study independently defined 
the application of these approaches to the baseline STEOR network and used 
the cost matrix developed for the network to assess the impact on overall pipe 
network cost. 

f. 

In addition to the unconventional construction approaches listed in 
Table 5-1, a brief investigation was conducted to determine the cost benefit 
of using prefabricated expansion loops in place of field constructed expansion 
joints. These results are reported in this section. 

5.1 PRE-FABRICATED OMEGA-SHAPED EXPANSION JOINTS 

Substitution of prefabricated omega-shaped expansion joints in place of 
field constructed expansion joints made of welded elbows and straight sections 
of pipe offers a cost savings in total labor plus material of about five per- 
cent. The factory fabricated joint would he bent from a single piece- of pipe 
into an omega shape. The prefabricated omega joints would be slightly more 
cumbersome to ship and handle in the field, but would reduce the number of 
field welds from eight elbow welds to two welds for installing an omega. 

The cost evaluation of using omega joints was made by designing the joints 
for the STEOR pipe network using design curves shown in Figure 4-6 and submit- 
ting these designs to an outside fabricator for quotation. A copy of the quota- 
tion is presented in Appendix D. The cost matrix for the baseline pipe network 
was modified to include the quoted material cost of the prefabricated omega 
joints and the reduced labor to install the joints. The result was the net 
five percent reduction in labor plus material cost quoted above. 

An interesting aspect of using the omega joint is that if the joints are 
mounted vertically, their higher stiffness may permit elimination of at least 
one pipe support per expansion joint. If this support can be eliminated, the 
overall pipe network cost reduction is 11 percent. The cost matrix, corresponding 
to the vertical omega is presented in Appendix C, Figure C-2. The analyses 
and investigation required to make a thorough evaluation of the vertically 
mounted omega could not be included in the scope of this study. 
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TABLE 5-1. APPROACHES TO REDUCED COST 
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5.2 FLEXIBLE HOSE EXPANSION JOINT 

The elimination of expansion joints by use of flexible hoses to accommodate 
the thermal expansion at each dish was found to offer about a 15 percent 
reduction to the baseline STEOR costs. Figure 5-1 shows the flexible hose 
installation at the downcomer of a dish. In this arrangement the symetrically 
arranged feeder lines, Figure 2-3, would be allowed to grow away from the 
central header. No pipe anchors would be used on the feeder lines, and the 
number of pipe supports (guides) can be reduced because all support foundations 
and pillars are shared by both water and steam lines. There are no supports 
required to carry the offset sections of the field constructed expansion joints. 

The flexible hose installed farthest from the header must accommodate about 
8.5 to 9.0 inches of pipe expansion, which vill be no problem for a hose instal- 
lation. At dish locations closer to the header the expansion is proportionally 
less . 

A similar installation of hoses would also be used where the 1-inch diameter 
feeder lines penetrate the header. Three anchor points are used along the 
length of the header. Expansion of the header between the anchor points is 
accommodated by large diameter flexible hoses installed in series with the 
header. These are expensive, but are not as costly ?.d the expensive field 
fabricated expansion joints and additional pipe supports. 

An informal quotation was obtained from Anaconda Metal Hose for the insulated 
hose assemblies required for the thermal expansion loops. The material cost 
of the hoses and their weld installation labor costs were substituted in the 
baseline STEOR cost matrix in place of the cost of the field fabricated expan- 
sion joints. Also, the number of anchors, pipe guides, and related foundation 
and pillars was reduced to account for a fewer number of pipe supports. The 
resulting cost matrix is shown in Appendix C (Figure C-3) and indicates a 15 
percent reduction in total labor plus material cost. 

5.3 PREFABRICATED POST SUPPORTS 

In the conventional construction costing performed for the baseline STEOR 
network it was assumed that each pipe anchor and each pipe guide will be affixed 
to a reinforced concrete pillar. Construction of the pillar involves excavation 
to a shallow depth, wood forming of a footing, placement of steel reinforcing 
rod and a fiber pillar (sonotube) form, and pouring of concrete. The labor 
also^ included fastening steel anchor fixtures and roller guides to studs cast 
into the concrete. 



Figures 5-2 and 5-3 compare the alternate construction techniques. The 
left side of each figure shows the conventional concrete construction and the 
right side shows prefabricated steel channels which are driven 3 to 4 feet 
into the ground using a post driver. 


The steel channels^would be purchased as predrilled and pointed posts. A 
fence company was contacted which stated that its fee is $600 per day for 
driving 200 posts per. day, including equipment and crew. A more generous 
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allowance of $6.00 per piling was used in the cost estimating, plus additional 
labor for trimming, aligning, and mechanical attachment of fittings. 

When the revised costs for pile or post driven supports were substituted 
for the costs of concrete supports (Appendix C, Figure C-4) a cost savings 
of 10 percent was obtained for the total labor plus material cost estimate. 

5.4 AUTOMATED WELDING 

The use of- automated welding and field shop construction is considered as 
conventional technology by many people. Although the equipment for automated 
welding is available and well developed, its use is still primarily for factory 
environments and its introduction as a pipe network fabrication approach is 
just beginning. 

As part of this investigation a meeting was held at Astro-Arc Co., Sun 
Valley, California. This company is a leading supplier of automated pipe weld- 
ing equipment and recently provided equipment and services to the U.S. Navy 
for construction of a large pipe network on Diego Garcia Island. 

Photographs of Astro-Arc automated welding heads are shown in Figure 5"4 and 
5-5. The weld head shown in Figure 5-5 is used for smaller diameter tubes and 
pipes (1/8 to 2.0 inch pipe) and the head shown in Figure 5-4 is used on pipe 
sizes from 2.0 inches to 42 inches diameter. The weld heads use an identical 
power source and programmer, cabinet mounted and portable for field use. A port- 
able control unit, attached by cable to the power source, can be used adjacent 
to the work to permit in-process adjustment of the weld control parameters. 

In addition to the automated welding equipment, Astro-Arc demonstrated the 
use of portable field equipment manufactured by TRI TOOL INC., Placerville, 
California, which automatically self-aligns and bevels to precise shapes the 
pipe ends of small and large diameter pipes in a few minutes. The butt welding 
of a 4-inch diameter, schedule 40 pipe was demonstrated in a 17-minute period. 

A schedule was generated using Astro-Arc assistance to estimate labor hours 
ffiir performing automated butt welds on various pipe diameters. Reasonable 
times for setup and teardown were determined. A moderate weld speed of 4 inches/ 
minute and three weld passes were used for each weld. Butt weld joints up 
to 1-inch diameter were assumed made under field shop conditions with minimum 
setup times. Subassemblies of pipe 1-inch and smaller would then be transported 
to the field adjacent to the shop and welded in place. Automated welds on 
larger diameter (greater than 1-inch diameter) were assumed to be made under 
field conditions and larger setup and teardown labor was estimated. 

Applying the automated weld labor estimate to the field welded labor costs 
tabulated in the baseline cost matrix r'ssulted in a 14 percent reduction in 
the total labor plus material cost for t'le network. 
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^ An unconventional pipe network construction approach identified by FACC is 
Che buried pipe concept shown in Figure 5"6. In this approach the pipe is 
layed in a trench dug in the earth. This trench is sealed with a polyethylene 
plastic line. The pipe is suspended in the niddle of the trench with simple 
wire hangars, and is coated on the outside diameter with a thick wax or organic 
mold release material. Foamed insulation is piped into the trench cavity around 
the pipe and cures to a rigid mass which supports the pipe within the trench. 

A possible insulating material is foamed slip-cast silica, commonly used as 
a refractory type insulator to temperatures up to 2200°F. After the insulation 
is cured, the pipe is released from the insulation by running hot water through 
the pipe to melt or degrade the mold release, The top of the cast insulation 
surface is moisture sealed by vacuum sealing the polyethylene liner or spraying 
a sealant coat of plastic or elastomeric material. The trench is then covered 
with earth. 

This pipe concept should significantly reduce two major pipe network costs; 

1) the cost of pipe supports (37 percent of total cost) and 2) the cost of 
insulation (26,3 percent of total cost). There is, of course, an offsetting 
disadvantage to this approach because of less accessibility for some of the 
field welds that must be performed in place. The installation expansion joints 
and valves may also present problems in an underground installation. Although 
a complete design and cost evaluation of this concept was not permitted by the 
funds and time available in this study, the concept has been identified as 
having potential merit and worthy of more complete inveseigaeien. 

i 5.6 COST RESULTS 

Figure 5-7 summarizes the cost reductions which may be available using some 
of the unconventional construction techniques described in this section, The 
cost reduction estimates were made by applying the estimated labor and material 
savings to the 72-dish STEOR pipe network cost matrix. 

The bar on the left side of Figure 5-7 represents the labor plus material 
cost of the baseline STEOR network of $192K. The four bars to the right of the 
baseline cost show the reductions estimated for applying various cost reduction 
techniques to the baseline network. The remaining bars represent the pipe net- 
work costs obtained by applying combinations of the same techniques. 

The cost reductions obtained by the various techniques are shown in the fig- 
ure and have also been summarized in previous paragraphs. If the more promis- 
ing techniques are combined the cost reductions become more attr.'ctive. Using 
flexible hose expansion joints in combination with post supports reduces cost 
by 23 percent (Appendix C, Figure C-5). If the automated welding is used in 
conjunction with the use of flexible hose and post supports, a total labor 
plus material cost reduction of 33 percent is predicted. 
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SECTION 6 

I^AKAMETRIC STUDY RESULTS 

A pipe network optimization for two alternate IPH temperature applications 
and one additional plant size were part of Task B. The optimization was based 
on a cost model reflecting conventional construction technology. Tlie JPL con- 
ventional cost model was used because the previous results of this study provided 
a reasonably good validation of its adequacy. In addition, FACC also reoptimized 
the baseline STEOR pipe network and recalculated the pipe network cost using 
the JPL advanced construction cost model. The JPL advanced cost model predicted 
cost savings that slightly exceed the 33 percent reduction identified by FACC 
in the previous section if this report. 

The parametric optimizations were initially calculated using a cost of energy 
of $1500/kW|- for heat and frictional losses. At JPL's request the optimizations 
were also calculated for a cost of energy of $500/kWj-. The results of both 
sets of calculations are presented in this section. 

6.1 ALTERNATE TEMPERATURES 

The selection of two alternate IPH temperatures was based on a rationale 
related to the baseline STEOR application. Figure 6-1 represents the distri- 
bution of required injection steam pressures for several California heavy oil 
fields where steam STEOR currently is used and can be expanded, "The selected 
Edison Field has the second highest injection steam pressure requirement, with 
only the Cat Canyon-Sisquoc Field having a higher valve. 

It was decided to select two lower injection pressures and the corresponding 
saturation temperatures for the alternate IPH temperature applications. Alter- 
nate injection pressures of 400 and 600 psi were selected which correspond to 
satisfying about 30 and 50 percent, respectively, of the potential STEOR steam 
applications. The corresponding injection temperatures are 355°F at 400 psi 
and 489°F at 600 psi. The pipe network optimization was recomputed using these 
alternate temperatures, but maintaining the baseline 72-dish field geometry. 

6.2 ALTERNATE PLANT SIZE 

The rationale for increasing the solar network size was to provide an annual 
thermal output equivalent to that of a single 25 MBTU/HR fossil fueled steam 
generator operating continuously. This translated to a 352 dish array contain- 
ing 22 rows with 16 dishes each. Using a pipe network geometry similar to the 
baseline geometry, each 16-dish feeder row supplies a central header. The supply 
and steam discharge temperature and pressure are the same as for the baseline 
network. 
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FIGURE 6-1. STEAM PRESSURE REQUIREMENTS FOR STEOR 
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6.3 RESULTS 

Tables 6-1 and 6-2 tabulate the results of the optimization calculations 
made for the alternate STEOR network temperatures and plant size. Table 6-1 
presents the results for $1500/kWt; cost of energy and Table 6-2 presents the 
results for $500/kW(- cost-of-energy . 

The pipe network costs are expressed as both total system cost and capital 
cost. The total system cost is the capital cost plus the cost of the pipe 
network thermal and frictional losses evaluated at the appropriate cost-of- 
energy. The pipe network costs are expressed in terms of $/kWj. and $/ri^ of 
concentrator, which are figures of merit commonly used to evaluate solar sub- 
systems. The results presented in Tables 6-1 and 6-2 are reasonably compatible 
with results previously calculated by JPL. • Total system cost increases about 
14 percent ($/kW);) as the process temperature increases from 355°F to 530°F 
(Table 6-1). The increase is primarily due to the increased heat loss, 
evaluated at $1500/kW(.. If a lower cost of energy is assumed, the effect of 
process temperature on total cost is less pronounced. As shown in Table 6-2, 
only a 5.1 percent increase in total system cost occurs as the process tempera- 
ture increases over the same temperature range from 35b°F to 530°F. Both table 
show the capital cost (pipe plus insulation) is relatively insensitive to the 
influence of process temperature. 

When the' base line-- STEOR network (corresponding to a 530°F process temper- 
ature) is reoptimized using the JPL Advanced Cost Model, the results shown 
in line 4 of Tables 6-1 and 6-2 are obtained. At a $1500/kWt cost-of-energy 
(Table 6-1) a 21 percent reduction is obtained in total system cost (capital 
plus energy) and a 38 percent reduction in capital cost. At a $500/kWt cost- 
of-ent.rgy the total system cost is reduced 31 percent and capital cost is 
reduced 42 percent . 

The increased unit capital cost for larger plant sizes (6.3 percent in 
Table 6-1) results from the cost of additional larger feeders and additional 
headers to carry steam to the edge of the field. An improved arrangement of 
feeders and headers may reduce or eliminate this cost difference. 
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. RISER AND DOWNCOMER DESIGN 

i \ ^ 

Task B of Che StatemenC of Work includes a prelinunary design study to define 
concepts for modifying the SCSE (EE-1) solar thermal electric system to incor- 
porate IPH features. This task consists primarily of modifications to the dish 
installation Co incorporate thermal transport riser and downcomer assemblies. 

The baseline parabolic dish for the SCSE system design is Che LCC supplied 
by General Electric. The LCC was alsp designated by JPL as the baseline dish 
for the present IPH study. The remainder of this section describes the design 
and costing results o'f this effort. 

7.1 DESIGN CONSIDERATIONS 

The installation and kinematics of motion of the selected flexible coupling 
approach on the LCC are briefly summarized. Alternate design approaches are 
then addressed in light of the selected design. 

It was recognized that the LCC posed a particularly difficult design problem 
to provide flexible thermal transport lines across Che dish azimuth and eleva- 
tion gimbals. The two girabal points are separated by over twenty feet so that 
two com^^letely different sets of flexible couplings are required. In addition 
the azimuth gimbal consists of the base truss structure mounted on ground level 
wheels' which run on a 40-fC diameter track. The center of rotation is not very 
precise so Chat some design approaches, such as swiveled mechanical couplings, 
are difficult to incorporate. 

»■ 

i The LCC is designed for field erection and adjustment. Virtually every truss 

member includes adjustable turnbuckles which are adjusted and pinned in place. 
There exists no opportunity to make an efficient integration of the riser/ 
downcomer assemblies into Che LCC without major redesign of Che dish and bjase 
structures . 

The flexible joint design eventually selected for the LCC is four separate 
flexible hose assemblies, two for the elevation gimbal and two for the azimuth 
gimbal. Pictorial drawings of the LCC base truss structure with the flexible 
•’ hoses installed are shown in Figures 7~1 and 7-2. These hose assemblies are 
mounted on Che opposed elevation trunnions of Che LCC dish. Stationary lines 
clamped Co vertical members of Che base truss carry feed water up to one side 
of Che dish trunnion and steam down the tipposite side of Che base truss. The 
elevation flexible hoses are shown in the dish-down position. As the dish 
rotates 1-80-degrees Co the up position, thermal transport lines connected to 
the dish truss rotate the hose support "arms" and cause the hose to unwind 
to an hour-glass shape. Rigid lines attached to members of the dish truss 
carry the water and steam to and from the focal-point mounted receiver and 
the hose support arm. 



As shown in Figure 7-1, hose assemblies are used to accommodate 300-degrees 
of azimuth rotation. Two sets of semi-circular Cracks are used to cage the 
hose, one set for the watd't'hOse and an opposite set for Che steam hose. In 
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qach set of tracks an inner track is attached to the fixed central pivot point 
of the dish and an outer track is suspended from the rotating base truss. 

As the base truss rotates from East to West, flexible hose is uncoiled from 
the outer track onto the inner track, and vice versa. 

The selected design is described in greater detail in a later part of this 
section. 

Alternative Design Approaches 

Two alternative design approaches were considered: 1) the use of mechanical 
swivel joints, and 2) replacement of the hose assemblies with coiled tube assem- 
blies which elastically deflect through the required motion. 

The use of swivels such as the hydraulic swivel assemblies manufactured by 
Parker Hannifin were considered for the flexible coupling application, especially 
for the elevation gimbal water line. The following factors eliminated the pos- 
sible use of this type of joint: 

(1) The swivels employ both static and dynamic 0-ring seals. Even the 

. highest temperature-rated elastomers (fluorocarbons and silicones) 

are not rated for continuous service above 400°F, and seal life 
decreases rapidly at these high temperature conditions. 

(2) The LCC gimbal joints do not have precise centers of rotation, espe- 
cially the azimuth gimbal. To accommodate this condition would require 
two hydraulic swivels interconnected by flexible hose. This was con- 
sidered a complicated design with a greatly increased number of 
potential leak points. 

(3) The swivel type joints use dynamic 0-ring seals to seal a mechanical 
interface against rotational motion. This type of dynamic 0-ring 
application is demonstrated to be leak and failure prone, especially 
as the 0-ring ages and swells and/or in the absence of a good lubri- 
cating agent. 

The second alternate approach considered was a coil of stainless steel tubing 
to replace the hose assemblies. The tubing would be stressed to deflect elas- 
tically to provide the required total motion. A simplified stress/deflection 
analysis of this approach was performed for the 300-degree deflection of the azi- 
muth gimbal. The results are shown in Figure 7-3. The tube size was the same 
as that used in the SCSE receiver and the maximum allowable stress, 15 ksi, was 
determined from ASME piping code. Figure 7-3 indicates that three turns of tub- 
ing mounted at the maximum allowable radius (20 feet) are required to accommodate 
the 300-degree deflection while not exceeding a 15 ksi stress level (bending plus 
pressure) within the tubing. Tliis corresponds to an unacceptable of 339 feet of 
tubing. In the case of the azimuth steam coupling, both the cost of insulation 
(at about $3.00 per foot) and the frictional pressure drop imposed by this design 
eliminated it from ai4itional corisideration. The same negative reasons apply to 
the use of this design on the steam side of the elevation flexible coupling. 

, 3 ^ 
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Although olightly tnore attractive for the water lines because of the absence 
of insulation, the coiled tube denign is still expensive, poses a high fric- 
tion loss, and is difficult to package. 

7.2 SELECTED DESIGN 

Details of the selected design are shown in Figures 7-4 and 7-5. The steam 
side flexible hose assembly for the elevation gimbal is shown in Figure 7-4. 

A rigid insulated steam tube is attached to a dish truss member and connects 
the receiver, located at the dish focal point, to a hose arm that swivels on 
the elevatiom> trunnion. A flexible metal hose insulated on the outside diameter 
connects the rotating hose arm to a stationary downcomer line attached to the 
dish base truss. An identical, uninsulated assembly is used on the opposite 
side of the dish to carry feed water up to the trunnion-mounted hbse arm, and 
then to the receiver. 

At the base of the dish assembly, shown in Figure 7-5, the steam and water 
lines from the elevation trunnions are directed radially inward through rigid 
lines to the outer hose track attached to the rotating base truss. The steam 
and water flow are transported through the flexible hoses inward to the station- 
ary mounted hose track attached to the central pivot.' From hose termination 
points on the stationary track the flow is again transported radially outward 
at nearly grade level in rigid lines through perforations in the LCC azimuth 

02T plc!c Up wstujT fsTCis ths plps 

lines. 

The selected design consists primarily of rigid tube assemblies (0.625-inch 
diameter X 0.035-inch wall, 347 ORES) and brackets and fittings to attach the 
tube assemblies to the LCC dish and base truss structures. The steam lines are 
insulated with about three-inches of calcium silicate enclosed by an aluminum 
weather seal jacket. The elevation hose support arm and azimuth hose tracks 
are fabricated (cut, drilled, bent, and welded) from standard steel channel, as 
are all brackets and hangers . 

Approximately 80 percent of the material cost is attributable to the flex- 
ible hose assemblies. These are manufactured by Anaconda Metal Hose and con- 
sist of an inner liner of deep convoluted (7.5 convolutions per inch) 321 
stainless steel bellows, 0.75-inch internal diameter by 1.25-inch outer diam- 
eter. The outer diameter of the bellows is structurally supported by a stain- 
less steel metal braid against internal fluid pressure loads. The steam line 
is insulated with one-inch thick Carborundum Durablanket insulation and sealed 
on the 3.25-inch outside diameter by a wire reinforced Hypalon polyester jacket 
to protect against weather and abrasion. The water line flexible hose has no 
insulation, but does have the polyester jacket. The elevation flexible hoses 
are 81-inches long and azimuth hoses are 186-inches long. 

The flexible hoses have been conservatively designed to function at the 
minimum bend radii recommended by the manufacturer for maximum cyclic life. 

The reverse bending of the hose is accounted for in determining the minimum 
bend radii. The hose inside diameter was made intentionally large to account 
for the higher fluid friction caused by the internal corrugations, which is 
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estiraated to increase the friction factor (4fL/D) by 10 to 12 times compared 
to that for straight pipe. This design conservatism leads to higher cost. 

The impact of design conservatism on cost will be discussed in Paragraph 7.4. 

7.3 COST ESTIMATES 

A detailed cost estimate was performed for the LCC riser/downcomer assem- 
blies for two quantiti'.s; a prototype quantity of 50-100 units and a produc- 
tion quantity of about 1000 units/year. The labor costs for the prototype 
quantity assemblies assumed field installation of the riser/downcomer assem- 
blies to the dish. Labor costs for the production quantities assumed factory 
installation of the riser/downcomer assemblies to the truss members of the’ 
dish and its base. 

A summary of the cost estimates is presented in Table 7-1. It is seen that 
even in production quantities the cost of incorporating riser/downcomer assem- 
blies is $3277 per dish, which is equivalent to about $29/m^. This value is 
comparable to the capital cost of the thermal transport field pipe network. 

The very large cost to incorporate risers and downcomers is analyzed in 
Table 7-2 which gives a further breakdown on the production costs. Examina- 
tion of this table shows that 65 percent of the total cost is due to flexible 
lines at the gimbal joints whereas the remaining 35 percent is for the rigid 
lines running from the ground to the focal point. • The influence of the LCC 
dish design on high gimbal (flexible) line cost is also shown by the fact that 
the azimuth gimbal lines are more than double the cost of the elevation gimbal. 
This indicates that a short Coupled azimuth gimbal alone uould reduce total 
cost by 22 percent. 

7.4 COST REDUCTION MODIFICATIONS 

This section addresses the potential design modifications which could be 
employed to reduce the cost of riser /downcomer assemblies. The recommended 
modifications are divided into two classes: 1) modifications which could be 

incorporated into the basic LCC dish, and 2) modifications which would require 
a different dish structure. 

7.4.1 MODIFICATIONS TO THE LCC DESIGN , ' 

a. Smaller Diameter Flexible Hose . The first modification recommended 
for the basic LCC design ie the use of a reduced diameter flexible hose assetn- 
bly. This will reduce the cost of the hose in two ways: 1) smaller diameter 

hose is less expensive, and 2) the smaller diameter hose can be coiled to a 
smaller radius resulting in shorter lengths being required (15 percent length 
reduction). The penalty of using smaller diameter hose would be a greater fric 
tional loss. The proposed riser/downcomer flexible hoses use 0.75-inch inter- 
nal diameter (I.D.) hose. If this hose was reduced to 0.50-inch I.D., the.' ' 
projected cost changes are those summarized in Table 7-3A. The negative impact 
of this design change would be to increase the estimated frictional energy 
loss through the hoses (primarily in the steam side) by a factor of five. 

The convoluted bellows frictional parameter is estimated to be twelve times 
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TABLE 7-1. COST ESTIMATE, THERMAL TRANSPORT MODIFICATIONS TO LCC DISH 


( 


MATERIAL COSTS 

PROTOTYPE QUANTITY 
(50-100 UNITS) 

PRODUCTION QUANTITY 
(>1000 UNITS /YEAR) 

‘structure, FITTINGS, ETC. 

$ 1318 EACH 

$ 988 EACH 

FLEXIBLE HOSE ASSEMBLIES . 


■ 

elevation GIMBAL 



STEAM SIDE 

915 

375 

WATER SIDE 

. 448 

200 

AZIMUTH GIMBAL 

• 


STEAM SIDE 

1405 

703 

WATER SIDE 

639 

328 

TOTAL MATERIAL 

4725 

2594 

LABOR COSTS 

1367 

683 

TOTAL COST* 

$ 6092 EACH 

$ 3277 2L\CH 


'^«i:OTAL COSTS EXCLUDE PROFIT, SALES TAX, CONTRACTOR INDIRECT CHARGES 
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TABLE 7-3. POTENTIAL RISER/DOWNCOMER COST REDUCTIONS FOR LCC 


Use of Smaller Diameter 


B. 

Use of Smaller Diameter Hose 

(0.50-inch I.D.) Hose 



and Less Conservative Bend 

Radii 

Baseline Total Cost 

$3277 

1 . 

Baseline Total Cost 

$3277 

Cost Changes ($) 


2 . 

Cost Changes ($) 

« 

• Reduced hose cost 

-400 


• Reduced hose cost^^^ 

-640 

• Other hardware 
reductions'^' 

-78 , 


• Other hardware 
reductions'^ ' 

-96 

• Increasea pumping 
(friction loss) 

+242^^) 


• Increased pumping 
(friction loss) 

+ 145 ( 1 ) 

Net Cost Reduction 

-$236 or 
-7.2% 

3. 

Net Cost Reduction 

-18% 


(1) Cost of Non-recoverable Frictional Pumping Energy « $500/kWj. 

( 2 ) AQ% reduction in azimuth and elevation hose costs 

(3) 25% reduction in other hardware cost 


higher than that for a straight pipe of equivalent I.D. In Table 7-3 the cost 
of pumping energy is assessed at $500/kWf The increased frictiohal loss is 
offset by a 15 percent reduction in hose cost and 8 percent reduction in other 
related hardware cost. The net cost reduction is $236 or 7.2 percent as shown 
in Table 7-3A. 

b. Reduced Design Conservatism . . The flexible hose assemblies for“the LCC 
'dish gimbals were designed x^ith generous bend radii to provide maximum hose life 
under continuous cycling. The design conservatism stems in part from the use 
of double the manufacturer's recommended bend radii to account for the reverse 
bending the hoses undergo in the proposed design. The manufacturer's design 
recommendation applies to bending in one direction only. The reverse bending 
imposes a positive-to-negative bending stress on the hose bellows as opposed 
to only a zero-to-positive or zero-to-negative encountered in bending in only 
one direction. 

Use of a smaller bend radius in the hose assemblies will also shorten the 
length of the hose assemblies to reduce cost. The potential to reduce, cost by 
using 0.50-inch I.D. hoses shortened to one half the length used in the base- 
line design is shown in Table 7-3B. The net cost reduction is $591 or 18 per- 
cent. It is likely that this cost reduction would be offset by increased 
replacement costs due to reduced cyclic life. However, the hose life/bending 
data to evaluate the life cycle cost was not available from the hose 
manufacturer. 
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i 7 . 4.2 HA/DEC DISH DESIGN 

If alternate dish designs were considered for IPH applications, a conven- 
tional equatorial mount configuration (HA/DEC) of the type shown in Figure 
7-6 would be an excellent candidate with respect to reduced cost of risers and 
downcomers. The lengths of the rigid lines from the ground to the receiver are 
less than required for the LOG, and only a single flexible joint assembly would 
be required to accommodate motion along the hour-angle drive axis. The flexible 
hose could be designed as a compact assembly located at the declination drive 
location shown in Figure 7-6. An inexpensive, short link of flexible hose could 
accommodate the small changes in declination drive angle which occur. The sav- 
ings in riser /downcomer costs permitted by this alternate dish drive is probably 
in the range of 40 to 60 percent of the costs estimated for the baseline LCC 
modifications . 

7.4.3 SINGLE POST DESIGN 

Another dish design approach which would greatly reduce the costs of the 
IPH risers and downcomers compared to the LOG installation is a single post, 
pedestal type support such as shown in Figure 7-7. A close coupled azimuth/ 
elevation drive at the interface of the dish/pedestal would permit the use 
of a single compact hose assembly capable of compound motion in both azimuth 
and elevation axes. 

An alternative approach is to package the riser/downcomer rigid lines within 
the center post as a torsional spring. In this configuration the lines would 
be held fixed at the base of the post and undergo +^150 degrees of azimuth twist 
as they emerge at the post/dish interface. The two lines are preformed together 
in the form of a high lead angle torsional spring, 20 to 30 feet long. In this 
configuration the lines could undergo the required H50 degrees of elastic 
deflection at low stress and low spring rate. 

The elevation rotation is accommodated at the interface of the post with the 
dish with a short coupled flexible hose assembly similar to that described for 
the LCC installation. 

Examination of Table 7-2 shows that the entire cost of the azimuth gimbal 
hose assembly could be eliminated with the design described, or a 44 percent 
reduction. The cost of the twisted torsion lines would be more than absorbed 
by reductions in the rigid line costs (35,6 percent) listed in Table 7-2 for 
the LCC, which include the cost of large amounts of extra line imposed by the 
LCC. 
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SECTION 8 


CONCLUSIONS AND RECOMMENDATIONS 


8.1 CONCLUSIONS 

The following conclusions summarize the main results of the IPH pipe network 
optimization studies documented in this report; 

(1) The JPL pipe network optimization computer code gives results which 
are in good agreement with the FACC code when the JPL hot and cold 
side network optimizations are decoupled. 

(2) The results obtained from two different cost models applied to the 
baseline STEOR application indicate the JPL conventional pipe network 
cost model yields costs which are approximately 20 percent higher than 
the FACC bottoms-up costs for comparable elements. 

• (3) Because the JPL cost model does not include indirect contractor costs, 

sales taxes, performance bonds (insurance), or profit, the total 
FACC cost is 18 percent greater than the JPL cost. 

(4) Dominant elements of labor and material costs are the procurement 
and installation of insulation and supports; 63 percent _of the total. 

(5) Studies of potential cost reductions show: 

A. The use of automated welding and field shop construction would 
yield a cost reduction of less than 36 percent. 

B. A total labor and material cost reduction of 33 percent could be 
obtained from a combination of non-conventional construction 
techniques described herein. 

C. Additional cost reduction could be obtained using a buried pipe 
concept . 

(6) Over-the-girabals thermal transport (piping) cost for the LCC is $3277 
per dish ($29/m2) or $236,000 for the 72-dish field - approximately 
equal to the overall capital coat of the entire baseline pipe network 
system. 

(7) Lower cost designs for over-the-gimbals thermal transport could be 
obtained with: 

A. Lower pressure and/or lower temperature IPH applications. 

B. An alternate post or pedestal mounted dish design with elose- 
coupled elevation and azimuth gimbals. The estimated cost 
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teduction is botwaen 40 and 50 poreent of the cost to modify 
the LOG for installation of riser/downcomer assemblies. 

(8) Conclusions from the parametric study ares 

A. Total pipe netv/ork system cost (including cost of energy losses) 
increases with increased process teroporature Ce.g., 355°F to 
530°F) because ofJ 

• Greater thermal loss (5.1 percent increase in system cost at 
$500/kWt cost-of-energy) 

• Greater insulation cost (1.6 percent increase) 

B. Network capital costs are relatively insensitive to the influence 
of process temperature. 

C. Increased unit capital coot (^/ra^ or $/kWj,) for larger plant 
size results from the use of additional larger feeders and 
additional headers to carry steam (and feedwater) to the edge 
of the field. An improved arrangement of headers and feeder 
lines may reduce or eliminate this cost difference. 

8.2 RECOMMENDATIONS 

The following recommendations are made based on the results of 'this study t 

(1) The JPL pipe network optimization code and conventional cost model 
are substantially verified as a result of this study, except that 
the following modifications are suggested! 

• The pipe network optimization code should be modified to decouple 
the hot/cold side solutions. 

• The JPL conventional pipe network cost model should be revised 
to include indirect costs, taxes, bonds, and profit. 

• The n/ 2 approach used by JPL to calculate the cost of expansion 

joints should be re-examined. 
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18 February 1981 
SCSE-81-21 


To; D. A, Rodriguez 

From; A. F. Dugan 

Subject; Shading Losses for a Collector Array 


An evaluation of the shading loss for a 9x8 collector array arranged in a rec- , 
tangular pattern was made. The technique used has been documented elsewhere^, 
and will not be described here, 

Th.e results are summarized in the four figures included. In Figure 1, fractional 
energy available to mirrors is plotted as a function of ground cover ration (GCR) 
for various aspect ratios, GCR is defined as ^1^/(4 LBW^l'LNS),, where LEW and 
LNS are the north-south and east-west spacings expressed in dish diameters. 
Results obtained by JPL^ for a 10x10 array are also shown. The GCR is the 
same as the packing fraction for an infinite field. The aspect ratio is LNS/LEW. 
■^he curves in Figure 1 are based on a reduced year, that is, the data base con- 
sists of tvi'elve days, one from each month for Barstow 1976. The days chosen 
were free of dropouts. It is difficult to see from Figure 1 whether or not there 
is an optimum aspect ratio. 

Shading calculations performed by different method from ours indicate an opti- 
mum aspect ratio of ,71 for one particular GCR . JPL^ indicated that this 
optimum holds for all aspect ratios. This study does not corroborate this resiilt. 

In Figure 2, the fractional energy available to the dishes is plotted as a function 
of aspect ratio for various GCR. The solid curves are for the short year, 
while the dotted curves are for the full 366 day year. Each of the curves shows 
a maximum, but the maximum clearly varies with GCR. The maxima are very 
broad, which implies that little penalty is incurred if the field is off optimum. 

In Figure 3, the fractional loss is plotted for the same conditions used in 
Figure 2. In Figure 4, the fractional loss for the full year only is plotted. 

D. B. Osborn, "Generalized Shading Analysis for Paraboloidal Collector 
Fields". ASME 80-Pet-33. 

* 

■> 

W, J. Eppley, "Shade - A Computer Model for Evaluating the Optical 
Performance of Two Axis Tracking Parabolic Concentrators", 

ASME 79-WA/SOL-13. 

^ J. R. Biddle (Memo to T. Fujita ) 8/2/79. 
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Th. \:. ss for the full year is less than that for the ideal year. The reason for 
.(S that dropouts are more likely to occur early and late in the day, than at 
td-day. Early and late, the elevation of the sun is low, and the shading loss 
i& high. At noon, the shading loss is small. )3oth the total energy collected 
and the energy lost due to shading are lower than on a perfectly clear day, but 
the ratio is smaller for the conditions of this study. The fractional loss is 
defined as the ratio of the lost energy to the collected energy. 


Q!? 

A. F‘. Dugan 
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One Day Per Month is Solid Curve, While Dotted 
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January 8, 1981 

TO; D, A. Rodriguez 

ROM; A. F. Dugan 

SUBJECT; Optimization of Pipe Network Cost 


oc; R. Pons 
T, Clark 
R, Polzien 
H. Haskins 
R. Irwin 


I, Introduction 

The problem of finding the minimum cost of a piping network has been studied 
by JPL and independently by FACC. The two approaches are different, but yield 
comparable results. In the following discussion, the JPL approach is briefly 
summarized, and the FACC approach is developed in more detail since the 
formulation used by JPL has been documented elsewhere^. 


II, Statement of the Problem 

The problem is to find the optimum distribution of pipe sizes and insulation 
thicknesses to be used in a pipe network in which a hot fluid circulates. The 
total cost of the system is the sum of the following; 

1) Cost of pipe. 

2) Cost of insulation surrounding pipe, 

3) Cost of energy (or power) lost by conduction. 

4) Cost of energy required to pump the fluid. 

5) Cost of the fluid which fills the network, 

The cost of each item is assumed as follows;' ^ 

•1) Pipe Cost (for i ~ segment) 

Opi » (Ai + d,) Li 

Lj[^ » pipe length 
dj^ - diameter 

AjL and are constants obtained from a pipe cost curve, Eq 1 assumes 
that pipe cost is a linear function of diameter. Actual pipe cost is 
a series of linear segments. For pipes of the different diameters, tr.e 
constants Aj^ and Bj;_ may be different. 

2) Cost of insulation 


Cf = TT L^6^ (dj, + 6^1 . 

Eq 2 states that insulation cosc is proportional to the volume of 
material involvedv' * 


( 2 ) 


Cj^ is the .cost per unit volume of insulation 
6^ = insulation thickness 
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3) Energy Xost by conduction} 

°ei “ “e <W 


PA6S 

5p”?OOR QUAUTY 


j “ oxp 


2p 

^1% log Cl+ If) 


ix 

M. 


T 


(3) 


is the temperature of the, fXuid as it enters the pipe 

is the mass fXow rate 
is the specific heat of the fXuid 
is the ambient temperature 
k is the thermaX conductivity of the insuXation 
Hg is the assumed vaXue of energy* 

Note that if the argument of the exponentiaX is smaXX, eq 3 reduces to 


G 




Hi s-!T L ; M ( "i " ) 


^-3 (I ^ 

This is the form used by JPL 
4) Cost of energy to pump fluid 


C3a) 


c. 


I - 

‘G, 




TT^ It/ ” J 

I 4 c 


Tje is the electrical conversion efficiency 
Tip is the pump efficiency 

f is the pipe friction factor (a function of Reynolds number) 
P is the density of the fluid 

5) Cost of fluid 


<=FL, ' “fLM " 4 ( r ) « 

is the cost per unit mass of the fluid. 


FLM 

The total cost is then 
a / 


= f j 1 ^ 


{J # 




J 


(4) 


(5) 


( 6 ) 


where N is the number of pipe segments in the network. Tlie problem 
is then to find, for each i, the insulation thickness and pipe diameter 
which minimizes C,j,. 
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T.II. JPL Approach 

The JPL method ia based on a Lagrange multiplier technique, and decouples 
the insulation thickness from the pipe diameter. Their procedure assumes a pirap 


power level 

\AJ - 2j ~ 



( 7 ) * 


It then seeks to minimize pipe cost (not overall system cost) using eq (6) as a 
constraint. The set equations to be solved is: 




0 . 


( 8 ) 


On carrying out the indicated differentiations, they obtain 

_ L A. - a I A ) 


J; 


( 9 ) 


> - 


•>»» 



(10) 


Equation 10 permits the determination of N-1 pipe diameters in terms of the other 
one. The method therefore requires that one pipe diameter (say the one with the 
smallest flow rate) be assumed. In terms of d^, 




i *-i- 

iL 

E.' 

1 1 

' '''U'i 

"" Ik " I 

L i, 

fo 

3,J 

1 \ 



( 11 ) 


A simplified version of eq 11 is used in the JPL computer code to determine the 
d^. It will be shown in section V that»,the simplification used is unjustified. 

For the pipe size distribution found above, the insulation thickness 
distribution is found next, The procedure used is identical to the one just 
described. The heat loss is 

jL ^ ^ 

^ f Vj ' I /5 - / t _i ^ (12) 




This is eq 3a. It assumes that the temperature of the fluid is the same 
iverywhere. This, of course, is not true, but it is usually not that bad an 
assumption. 
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The cose of insulation is Chen minimiKod using oq 12 as Che constrainC. 

- O (13) 

is the set which must be solved. Explicitly, 

^ TV ^c. \ (J c c?c>/ 3 (14) 


f/ 


V c 




i£i. 

^ Sc 


In terms of 


A = 


r <r, - 1 a) 


I 


r» 0 


0 C# f w 


6j^» \ is 


V L 0 + *^ )] 


(15) 


(16) 


With equations 15, 14 and 15, eq 13 becomes a transcendental equation for 5^- This 
equation is solved by the Newton-Raphson method, Having found the pipe diameter 
and insulation thicknesses as above, for assumed values of dj^ and the capital 
cost is computed as 


C - C + C„ -!• G_, 
c p FL I 


(17) 


Next, the power losses are computed from eqs 3a and 4, The cost pec kWj. is 
determined by dividing by the total power collected less the power losses. 
The following method is used to compute the adjusted cost per kwt; 

= power collected 


g =* 


power lost 

Ql 


Adjusted Cost = 


Q - Qt 


+ Hg Qj^ g/(l-g) 


(18) 


The whole procedure is Chen repeated with different values 6^ and d^ until a 
2x2 matrix of adjustad cost is assembled, The optimum system is then taken to 
be the one with the minimum adjusted cost. 
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IV. FACC Approach 

I *The FACC opprooch avoids the use of Lagrange fflulcipllors and optimizes the 

♦ 

overall system cost directly No assumed values of any pipe diameters or insulotion 
thicknesses, other than initiol guosse*;, are required. The initial guesses are used to 
get an Iteration loop started’, and their exact values do not effect the final result t. 
The overall system cost is given by eq 6, 


N 

^ / 


r 


A. 










( 6 ) 


The values of d^ and 8^ which minimize C^ are to be found from 

^ - 0 (19) 

■ ’ 9"i 

^^T - 0 (20) 

asi 

X 


Each segment is optimized Indendently. 


For the i^^ 


segment, eq (19) becomes, 


I 




‘'XV ^ " 

^ TT Ha In. Ji ••'^1 • ' a ) 


"rr '*■ dt^ 

4 . QCpi.\/ " Pi — 


0 


( 21 ) 


It is convenient to express the terms in eq (21) as values relative to some reference 
diameter , 


^ - 

*/4). 

-S, toln 

(22) 


^ __ 

(23) 



Ak 

5=1, 

1 tl 


- - 
^ 1 -C 

^ cl 

'-*6 

(24) 

'V c' ru 
«<«> • 

J , 

*“ ' Sut i / C** 0 

»• * • 

(25) 


«<«> • 
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B-6 


ORIGINAL . -t 
OF POOR QUAlli f 


whore tho C*s in eqs (22-25) are the voluoa for d.» IJhon oq 12, is expressed 
in terms of these C'a, the result is 


a 1 

TT®’ r 

S' f*. 



. ■** 

.r A , c» iu* 
^ •‘4 • & 


' ^ ^ i 




on solving eq 26 for d^, we obtain, 




o 0 








^ 7 

4- 

^ ^ *L 


4o Ok '♦ ) 


(26) 






\ 


(27) 


In eq 27, is computed from eq 3 even though the derivative was computed from 

y 

3a. 


The explicit form of eq 20 is 


!?!• 

; >7 


- 'T 

•• im 


u (-'4 


dj 


c. 7T Lf. Jji (* 7 * I - / /I J 
Ct5 c. + ( I * 

On setting eq 28 to zero and solving for 6 . , we obtain 

^ - . 1 > ^ . f< 


^ <tTt Lt tJi 


"S' 

» 

> 


(28) 


f), “ 


{ li^xMZskJ ) 
U C.v ^ 


- 

r^j,e p .tr » f' I r 

^ fl < " It ) 


J i. > (29) 




Equations 27 and 29, if they can be solved will yield the values of d, and 6^ 

* th i * 

which minimize the overall cost of the i segment, Tlie solution of this pair of 

equations turns out to be remarkably simple and rapid. The following algorithm 

has been Implemented for their solution. 

1) Assume values for d^ and 6^^ . Compute d^= using these assumed values, 

Let the new dg be the value just c<anputed and repeat the process until two 
successive calculations of d^ yield the same result to within some specified 
tolerance (say ,0001) . 

2) Using the value of d^ in eq 29, compute an improved value of 
^i by the same method. 

*3) Repeat step 1 using the value of 6^ obtained from step 2. 

After an improved value of d^ has been obtained, repeat step 2. Continue this 
process until the convergence criterion is met. In actual practice, the procedure 
converges in four of five iterations, 

To verify that this procedure indeed minimizes system cost, C,j, was recalculated 
using slightly perturbed values of d^ & 5^, In all cases, C,j, was higher with the 
perturbed values , 
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V. Comparison of Test Case Results 

In order to make a sensible comparison of the JPL and FACC approaches, test 
^ -ases were run on each program. The FACC program was run using the inputs 
supplied by JPL. The input data is included in Section VI. 

a) JPL Results 

The JPL program generates a substantial amount of output. Input diameters 
for pipe number 1 ranged from .7" to .2". Insulation thickness on pipe 1 ranged 
from 1" to 6”. A matrix of 6 x 6 points was generated. The optimum was found 
to lie between .4" and ,5” diameter with an. insulation thickness of about 3" on 
the first segment. At .4" and .5", the pipe diameter for the other segments 
increased as the square root of the mass flow rate for the hot side. For the 
cold side, pipe 1 was reduced by the cube root of the fluid density ratio as 
Indicated by eq 11. As stated earlier, J'^L used a simplified version of this 
equation. They neglected the variation of f. This factor cannot be neglected. 

The viscosity of the co7..d fluid is twice that the hot fluid, so f for the 
.. cold side is about 20% higher on the cold side Chan on the hot side. This increase 
t>?ill offset the density ratio. (The FACC result showed the cold side diameters 
larger than the hot side) . 

^ The JPL code requires mass flow units to be input. In the test case, there 

. 

"were 19 diff'/'ent mass flew rates. These were 1, 2, 3, 4, 5, 6, 7, 8, 9, 16, 

24, 25, 32, 36, 40,' 48, 49, 56 and 64. The JPL input used 11 different flow 

rates. They lumped 5 and 6 into 6, 7, 8 and 9 into 9, 24 and 25 into 25, 32, 

36 and 40 into 40 and 48, 49 and 56 into 56, 

The fluid temperature is considered constant throughout the network (actually, 
^two constants, one for the hot side and one for the cold side). The JPL code 

I 

has an additional requirement built.*''" There is a maximum permitted pressure drop 
within a pipe. If the pressure drop exceeds this value, the pipe size is 
adjusted upward until the pressure drop criterion is satisfied. In the region 
of the minimum, this restriction was not invoked, 

b) FACC Results 

The FACC code was used to analyse the same network. The results were as 

follows, On the hot side, the optimum diameter was .AA" with 3" of insulation. 

The pipes carrying more fluid were larger with more insulation. An examination 
of the diameters showed that they increased approximately as the square root of 
the mass flow rate, the maximum deviation being about 6%. 


IV 
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The cold side diameters were all about 7% higher thau the hot side, They 
also followed the same approximate square root relationship, although there is 
nothing in the program which explicitly imposes this relationship, 

In the FACG code, the number of flow units in each pipe is not an input. 

The program detenninos it from the geometry of the network. Furthermore in each 
segment, the temperature drop is determined. The thermal losses are computed 
from the more exact eq 3., and in each segment, Tj^ is different. 

Tlie conclusion is tnat although the two programs approach the problem 
‘differently, tney yield substantially the same result, The most glaring 
difference is that JFL finds smaller cold side pipes that hot, Tills discrepancy, 
however, would be eliminated by a proper treatment of the friction factor in eq 11. 

V, Appendix - Data input 

The test case considered a system with 512 collectors in which the heat 
transfer fluid was Therminol 66. Tlie input data is tabulated below. 


Variable 

Value 

N 

”COL 

512 



""col 

1017 ft^ 


800 watts /m^ 

■n . 

.81 

COL 

T 

100 '’F 

A 


600“F 


400“F 

D 

47 ft 

T1 

.8 

P 


.34 


$1500/kWt 

C« 

P 

.628 BTU/lb®F 

C^' 

,534 BTU/lb'F 

oP 

M 

.499 lb /sec 


.516 BTU in/hr ft' 

k 

c 

.456 BTU in/hr ft' 


number of collectors 

area of one collector 

Insolation level 

collector efficiency 

ambient temperature 

hot side temperature 

cold side temperature 

spacing between collectors 

pump efficiency 

Ranklne efficiency 

value of power 

specific heat of hot fluid 

specific heat of cold fluid 

mass flow rate in pipe 1 

thermal conductivity or hot side 

thermal conductivity cold side 


ORIGINAL 13 
OF POOR QUALITY 


9 9 30 - 0 6 


Variable 


Value 




"IV 


"FI 


.0049 stokes 
.0098 stokes 
$20/ft^ 

$. 20/lb 


Pipe cost is given by 


Cp = (10 + ,625d) L ($) 

= (5 + 1.9 d) L ($) 




viscosity of hot fluid 
viscosity of cold fluid 
insulation cost 
cost of fluid 


d < 4" 
d > 4" 


REFERENCES 

1 R.H. Turner, "Economic Optimization of Energy Transport", 11th lECEC, p 1239 
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ATTENTIONi 

REFERENCei 

We are pleased to quote o» follows 


jj^Sr»SmSa*tf 't aail TUOeWAY * LOU ANOELEB • CAlirORNIA • POOAO 0 PHONE 7a?'770l 

Dote 2-17-81 

FORD AEROSPACE AND COMMUNICATIONS CORP,,-. NEWPORT BEACH, CA 
AEROMUTRONIC DIV. 

FORD ROAD, BLDG. 10, ROOM 295 SEE BELOW 

NEWPORT BEACH, CALIF0RN4A 92660 
MR. J.E. MAYER 


083305 


ITEM NO. QUANTITY 



OBSCHIPTION 


CDSMLS BLK PE ASTM-A-IOG GR B 


. PRICE 
PER too PT 


17'/24* RL 

3/8 

SCH 40 

675 X 091 

17*/24» RL 

1/2 

SCH40 

840 X 109 

HF SMLS 

BLK 

PE ASTM-A-106 GR B 


17»/24* 

i7’i24* 

17V24' 

17'/24' 


3/4 5'GH 4Q 1.050 X 113 
1 SCH 40 1.315 X 133 

1 1/4 SCH 40 1.660 X 140 
1 1/2 SCH 40 1.900 X 145 


SMLS BLK PE ASTM-A-53 GR B 
24* RL 2" SCH 40 2 3/8 


17’/24* RL 
17’/24* RL 
17'/24* RL 

SMLS BL 


2»' SCH 40 
2 1/2 SCH 
3” SCH 40 


3/8 X 154 
2 7/8 X 203 
1/2 X 216 


PE A5TM-A-1Q6 


17'/24' RL 3 1/2 SCH 40 4 X 226 

DELIVERY WOULD BE f-lADE VIA OUR TUBESALES 
TRUCKS. 

TERMS ITEMS 1 THRU 6 AND ITEM 10 1/2% 10/25 TH 
ITEMS 7,8,9/ 2% lOTH PROX. 

PRICES FIRM EXCEPT IN THE EVENT OF PRICE INCR£ 
AT PRODUCING MILL LEVEL AND INCREASES IN 
FREIGHT RATES. 

STOCK LISTS AVAILABLE ON REQUEST ‘ 


97.08 120 DAYS 
112.85 A.R.O. 


128.98 

153.86 

189.18 

214.47 


238.48 " 
296.96 '• 
399.93 ” 


864.08 


Price? quoled may bo increased of dacroosod by changes in mill prices and freight rates. 
Shipping schedule is based upon immediate placement of your order. 

All motorials offered from stock art subject to prior solo. 

ition is mode in accordance with trade customs ond practices printed on the revorso side. 
''AUES COPY TOi 









9 9 50 “ 6 6 3 


C 


tU 


QUOTATION 


ORIGIWAl. PAGE IS 

OF POOR QUALITY 



S. 


2ZII TUBEVVAV * LOS ANOEUES t CALIFORNIA • 00040 D PHONE 713*7781 

Dale 2-17-81 


FORD AEROSPACE AND (IQMMUNICATIOMS CORP.j-Qg NEWPORT BEACH, CA 
AERONUTRONIC DIV. 


FORD ROAD, BLDG. 10, ROOM 295 
NEWPORT BEACH, CALIFORN/tA 92660 
MR. J.E. MAYER 


Term* SEE BELOW 


ATTENTIONj 


REFERENCE: 


083305 


' ^tCM NO. 

ouantity 

DESCRIPTION 

PRICE 

PER 100 PT. 



CD SMLS BLK PE ASTM-A-106 GR B 


1 

9200' 

17'/24' RL 3/8 SCH 40 675 X 091 

97.08 

2 

8200’ 

17'/24' RL 1/2 SCH40 840 X 109 

112.85 

X 

i 

HF SMLS BLK PE ASTM-A-106 GR B 

• 

i 

13,000' 

17'/24' RL 3/4 SCH 40 1.050 X 113 

128.98 


3,000' 

17’/24’ RL 1 SCH 40 1.315 X 133 

153.86 

5 

13,000' 

17'/24' RL 1 1/4 SCH 40 1.660 X 140 

189.18 

6 

700' 

17'/24' RL 1 1/2 SCH 40 1.900 X 145 

214.47 



SMLS BLK PE ASTM-A-53 GR B 

If 

7 

700' 

17'/24' RL 2" SCH 40 2 3/8 X 154 

238.48 

8 

700' 

17’/24' RL 2 1/2 SCH 40 2 7/8 X 203 

296.96 

9 

1000 ' 

17'/24’ RL 3" SCH 40 3 1/2 X 216 

399.93 



SMLS BLK PE ASTM-A-106 GR 8 


10 

1500' 

17'/24* RL 3 1/2 SCH 40 4 X 226 

DELIVERY WOULD BE MADE VIA OUR TUBESALES 

864.08 



TRUCKS. 

TERMS ITEMS 1 THRU 6 AND ITEM 10 1/2% 10/25TH 




ITEMS 7,8,9, 2% lOTH PROX. 

PRICES FIRM EXCEPT IN THE EVENT OF PRICE INCRE 

ASE 



AT PRODUCING MILL LEVEL AND INCREASES IN 




FREIGHT RATES. 

STOCK LISTS AVAILABLE ON REQUEST 



120 DAYS 

A.R.O. 


It 

M 

It 

II 


II 

II 

II 


Prices quoted may be increased or decreased by changes in mill prices and freight rates. 
Shipping schedule is based upon fomedioto ,‘tlocomonl of your order. 

Ai* “'oterials offered from stock ora subject to prior sale. 

I ilion is mode in occordance wim trade customs ond practices printed on the .reverse side. 
' COPY TO: 


is. 


By. 


D-4 


~DOi r"N E VJ T ON 


• 


-i 


Aerospace A 

ConunuPieations Cnrporalloti 





BBT FOB QUOTATION 


rji.' "A' Tunsr.uppLY co. 

i7C:‘ S. Ccpitol Av. 

City cl! laJuatry, CA 91749 


ORIGINAL PAGE 

OF POOR QUALITY 


RECEIVED 

ucniumlo 

PtrAVAni'Wn’'Slk*‘i.*'''‘if, Di'jCOW^ISi and ItllMN ot 

t'A»tjgo)«jttB’'25"’ A{'lTO’'^ii'4‘=5'f^ 

IIMII UAIIS and <j.( Ou hiom »»uh Pn.CE oul iNGiCt’E AU OIhIH 
AIIHIUAHU lA«r'i iiAitS AND u‘j£ tA* fttAtgi AND tME nESPONSi 
imitii wu OE iNDiCArio on Ttil 

ii uNAiiu O.EPARi ‘i»:r ''.t’reifito PI EASE SHB*v mshecn ime 
IJ llANHIy YtjU C AN Al'i'IHY AND »OUH CiUANANtEEO 0EHVt'«,t', 

|i|(AN| iNNMIl l(Ni» I’MIt E HMMOSitE EACH ittM AND MAll t.<Ypi 
I'linmiiY 1.U.NU1 111 iMiN tOMPANY ni lAlNiNO DIDDERS COM* f 'li 
YOIIM IllUlilNif 


V(M| N I illiMP.I'IINIIINii I'llAM hlini 10 NO 


083302 


nePlY IQ FORD AenOSPACE AND COMMUNICATIONS CORPOnATION 
AERONUTRONIC DIVISION 
FORD ROAD 

NEWPORT BEACH, CA 92660 


ircuEST Fjn dictation is also subject to 
COSC'liC'.S ON the listed attachments 


Jl . B. M ayor , B uyer 
Bldg. i0» Em. 293 


r.UA.HT,-''t 


yz{)Q 




I w‘0 

10 u'O 

is:o 


714-759-6485 

FACC FSSir Tlsiis 

t_20tJa-Er-o;; 

, I UNIT PRICE 


I {uconilcss Carbon Steel Pipe pa^STM 106B 
let ScliecLilc GO - 3/8 inch Dia / NOTE: PRICES ARE IN CFT . j 
ft Echcclulc CO - 1/2 inch Dia ( / 

ft il'chcuLilc SO - 3/4 inch Dia V 
|ft Schec’clc £0 - 1,00 inch Dia 

ft EchcLlnlo 80 - l-l/‘l inch Dia — — — - — 

i£t Schedule 80 - 1-1/2 inch Dia 
ft Schedule GO - 2.00 inch Dia 
ft Schedule 80 - 2-1/2 inch Dia 
ft Gchceule CO - 3.00 incla Dia 
ft cchcCule £0 - 3-1/2 inch Dia 

PLEASE CONTACT DAN EATON WHEN PLACING YOUR ORDER. 

"PRICE IN EFFECT AT TIME OF SHIPMENT TO APPLY." 

SPECIFY HAS. LEKGTHS AND IDENTIFY POINTS OF QU/\NTITY, mKTTH AND 

DELIVERY PRICE BPvEAKS. 


■t? •> fc." . 

1 ..0 cays . LilO 


UOTt wua^ oTvALIO UNTI^ I FOR 


yuoTt wua^ 01 

90 days 


3MMuNiaATlONS C 




ORVATlC^^-;^w^^V MB. VWXtBO 


rRANbPOHTATlQN TERMS 

Celivered Our Truck 


!i>i::»»osip_vittMon OF j»H oMiNt 

.Tty of Industry i Our Truck 


VCUR PESr CtUVtrtY ARO 

90 Days 



a r»f nt»*ar\tnf^r 

KIS'SBY TUBESUPPLY jCOMPANY 


£ OF *UTHO»tieO OOMPANY «f/rtE«NrAHVS 


m 





2/19/81 


Dan Eaton, Inside Sales Supervisor 
RETURN THIS COPY TO AERONUTRONIC 















Ford Aerospace & 
Communicalions Corporalion 


REQUEST 


5 ' 


ORIOSNAl mOE 10 
OF POOR QUAUTY 


lUSS SUPPLY CO, 

'W f.. Capitol Av. 
wity or loUuotry, CA 917A9 


RECEIVED 


I'ltASl 19ft'.' fE8.2S,o.W,0.&A OiSCOUNtSi ANO ItKMS or 
PA>MI M ON MAIfKiAlS on iSEfly.CEb USttO OElOW 

nri'CE BUI ir 

kx STATUS Al 

.VIU BE INOlCAltt; OTT thi 


own sAirs Aj.y,A.Air('» •fi' 0 ('*’' 0 uM nri'CE but ingiude au onitn 
.AMciuAmt Tr-Ur\UA'Ji'o:*ri(M<ac taa status and the NtsT'on;.' 



IT iiliAlitl TO AWOUNI NIitGifltD nUASE SitOV/ HU'ITJN Till 

OllAT^TlTV roil I AN •lUl'i'l 1 ANU *OUH OUAHAnlEtO OHlvmil S 
I'llA'it lion III UNIT 111111 ;, t OHi'OSIIf EACH HEW ANO WAIT oor'i 
I'lliil'llil V SUiinit HI Tins tOWT'ANY lirTAININti OlOtlEliy GOMr Hill 
VCII/’.I TltTMIl III I 


>VM| N ( Olllll'il'TI'lDlNI. HllASt riTI-ETI TO NO 


083303 


- T , ■ r~ V JriWi 

, • . ~ ..■-.vva:-.r>W^WOl:<^ 

AnUrE .'.VHirfEN 

2-19-Gl 


flEPLY 10 


ATTENIION 


FORD AEROSPACE AND COMMUNICATIONS CORPORATION 
AERONUTRONIC DIVISION 
FORD ROAD 

NEWPORT BEACH. CA 92660 


*A iSiO i'lTCuUD- REACH 
r.J l.ATL,li THAN 




FHONC 

714-759-64G6 


l,yi 


!!f.-.L!£LT FOR CJOTATION IS ALSO SUBJECT TO 
C •.TTi:.'.*3 the LISTED ATTACHMENTS 

RONg 

B'TainTr&j. ’ 

FACC PYMT TEFdiS 

ARD__71_1QA a, 

i /ANT.ty ; u/M 

DESCRIPTION ‘■'■T 

UNIT PR CS 

>- t 

>1:00 ;££ 

SOSC Ift 

1330 !lt 

: TvTu !rt 

*4 '.r 0 . X* 

ILO i£t 

ic:o [xt 

• ^ “ i iTf 

X V 1 

Scoir.lcso Cai'bon Steel Pipe per ASTM 106B 
SciioC’.tlc 40 • 3/3 inch Dia 

40 . 1/2 inrh Di,-. NOTE: PRICED IN OFT, 

Sckctlrale 40 - 3/4 inch Di.^ 

Schedule 40 - 1.00 inch Dia 
Schedule 40 - 1-1/4 inch Dia 
Schedule 40 - 1-1/2 inch Dia 
Schcd’ule 40 - 2.00 inch Dia 
Schedule 40 - 2-1/2 inch Dia 
Sclicuule 40 - 3.00 inch Dia 
Schedule 40 - 3-1/2 inch Dia 

1 

105. j 41 

125.1 40 
136.! 83 
1/7. i 21 

222.1 00 

245.1 00 

343.1 42 

490.1 15 

617.1 29 

742.1 16 


PLEASE CONTACT DAN EATON WHEN' PLACING YOUR ORDER. 

"PRICE IN EFFECT AT TIME OF SHIPMENT TO APPLY." 

SPECIFY I'li’JC. LEMGXKS A13D IDENTIFY POINTS OF QUANTITY, LENGTH AND 

DELIVERY PRICE BREAKS 


*. ‘■•t- » 

lES c'r.ya A HQ 

> j lf.=OPUATI^3,VfSC3T*CET-*ra.ED 


ouore Mubi ue vauo uNru. 


90 I V lays 


"ni FiR?jPN«T|ii 


FOR FOflO 
BY 



iNO^OMMJjMCATlONS CORPORA 
1 . 0 ATE. 


fa r\T ~ 1 ^■ncrth ' 


TUBESUPPLY COj^ANY 


710n"T / 


Delivered 
• '' Industry 

•.* 'SAVS 

■’41 30 Days 


fhANSPOHrATION TERMS 

Our Truck 

Fr<OPOSs ,0 WeTMOO OF IHIPMENT 

Our Truck 


rcua BEST DELIVEHY AHO 

90 Days 


KyiSE 


m LARGE BUSINESS 
□ SMALL BUSINESS 


DATE 



.Dan Eaton, Inside Sales Supv.) 
RETURN THIS COPY TO AERONUTRONiC 
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9930-663 




PAGS is 

OF POOR QUALITY 


i 

PREMOLDED CALCIUM SILICATE PIPE INSULATION 



ORlOlf'IAt PA.G2 If 
OP POOR QUAUIV 



9950-663 

(213) 723 8561 


IIMC. 

1 1 966 RIVERA ROAD • SANTA FE SPRINGS, CALIFORNIA 90670 

wniPff T Pipe Insulation 

QUOTATION 


TO 


Ford Aerospace 
Ford Rd. 

Newport Beach, CA 92660 


DAT F_ 2-13-8X 


1700 


AnENTION 


Ron Polziun 


QUOTATION No., 

TPBiuH Not .'JO Dnys, No lU’toiition AIIowimI, 

F.o.b. Out Warehouse 

npiivPRY See Below 


GENTLEMEN: thank YOU ton. YOUK INQUIKY, Vrt AKI PLTASU TO jUlMfT THIS TKOTOJAL FOR YOUR CONSIDUATWH. 


Owens -Corning Kaylo 

10 calcium 

silicate pipe insulation. All prices in 36' 

' lenghts. 

Inside 

Wall 

Price per lin. ft 

. Price per lin. ft. 

Price per If 

Dia. 

Thickness 

2000 If. or less 

2000 If. or greater 

Alum, Jacket 

f 1/2" 

3" 

$ 3.88 

$ 3.60 

$ .92 

1/2" 

3-1/2" 

$ 6.47 

$ 6.01 

$ .97 

3/4" 

3-1/2" 

$ 6.62 

$ 6.15 

$1.01 

1" 

3-1/2" 

$ 9.11 

$ 8.46 

$1.05 

1-1/4" 

4" 

$ 9.32 

$ 8.66 

$1.18 

1-1/2" 

4" 

$10.05 

$ 9.33 

“$1.19 

2" 

4" 

$10.78 

$10.01 

$1.26 

2-1/2" 

4-1/2" 

$12.64 

$11.64 

$1.51 

3" 

4-1/2" 

$12.81 

$11.89 

$1.51 

3-1/2" 

5" 

$16.11 

$14.96 

$1.64 

Delivery: 2 to 

3 weeks from receipt of order. 



NOTE: Prices quoted are those in effect at the 

date shown on this quotation. Cost 

increases 

incurred 

from material manufacturers between quotation date and date 

of delivery will necessitate an increase 

in the price shown on ■ 

this quotation. 

Quoted by: Michael P 

. O'Rourke 




THE TERMS AND CONDITIONS ON THE REVERSE SIDE OF THIS 

PAGE ARE A PART OF THIS QUOTATION 


■■•0***ion !i htrtby «cc«pla<J end ibU will lervo <i yo«r 
io proceed. 


ACCErrED lYt 

TITL£:_^ 

DATE;. 
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The ebove prices 
Q Include Seles Tex 

Q For Resele — Excludes Seles Texes , 

INDA^CO, IWC. '// ■' 


■ ^y~ 

' MICHAEL T. O'ROURKE President 


LTV 


9950 “ 66 ? 




u'u! 


Ip POOR QUAUIt 


PREFABRICATED OMEGA EXPANSION JOINT 
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r“' 


#/4/' 


/4^-////-//v.rrr£»/v' .')ic\' Ao’’' k'^3/- ^J:3B 

G/f^r /Yc 

.J^,'-.S‘.’/-f t7a //vr* .’ ( (!^/V/r.%v '‘tj:. A/OC,^. A3T/'1 /OG) 

Cost / oo^^ , or>a ,^.vr.<- ' sc 'JLt^ ^'0 J 

(Ai?.<) 1 / <rva 


r^.iu. i 


f 

3 

I : i .J ? 


AAo/^/jvy^^ fi^ptus 

S/Z£ /?. 

r /<V g>Vif J* ^ ^ ) 


4- 


^ c/^nrf^ ,V/f/wT 
.( j> ( <cY-r . 


AS- 
/.C 
3.0 

3.0 
2.2S" 
£.S 
Z.7S 

3.00 
3.3S' 
3.7£ 

4.00 
^.SO 



: ^ 
I ijj.p'^ ' ^ 

I i 'I *» 

' .*". "5' l ^ 

I ^ ^ 

2f.i! , a 

1 r > ” 

30.J Jj. 

. i i ^ 


I V<jls> 
f C. 0 


Siofi 
Z^OP 

S.780 • 3.0 
vVt 7 i 4 . G 
3433 1 7.3 
343 4- 1 ''^,‘5 

3sa? \ 3 j .3 

i 

J&}'/ 

t 

3SC.? ! f3 
3S67 i / ~P- 


5-7 I <S, 

Ss"- < SO T3 


>' 



' f'.T' 

/¥? 

i 


3/r 

S/a 

So 7 


\4/r 

3v/ 

i'S.3 

3do 

jut 



£//4rM (l.) 'i 


! ouri.£T t( £, rt<ites /to?- 4i 

' / ^ .p , , »/=• S'/re 

Hnt!.Hr iH ' ~ 



1^-6' 


f.vp 


K ,\>.'\' a * . 
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0RI61PJAL PA'm!: SC-i 

OF. POOR QUALITY 

t 


PROTOTYPE INSTALLATION OF 
RISER/DOWNCOMER ASSEMBLIES ON LGC 
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oRieifiAL mx y 

OF POOR QIJAPJW 


v^/*’ .^;• , 

<• 'j V. 


f£//'iur/y •' (/ 0S£Xj 

i 

/ .v;V‘.c .''//vti^e 

O. ( 2. fiAUVea ) 

>Supf^oi(r 3 mc«£T4 -JImp Z 4x^k ( 4 0€^ 

1 . ^XC> X )( 4 a, /20" Qo^Z^fT, ) 

A SXSX^xU /2 c' (^9V/^r.)‘ 

CLtt^ Zx^kx'^ (4 -au) 

/V^rc ^ O/X 0^-'^ 

Wf^-p Assy 


'rxAUxr/oh/ 


t/i>fo 


OiJ 7'£‘R 'S't/Fyoi^r : 

/. X. 4 XS, X '^u X la, /£i" C/46*/^^ 

J. X. Jx 4- X yt. X la./zi" (s-.sVrr.) 

\ , Z 2. X '/4/ La /te'' ( 4 ,/Vtr) 

4 X Cl//p ly xJ x}f X la SA (4 .S'^t^ 

S’ 72s yAA/s^.K (sr-3-3 4-,ssfA-'^ Lg. 23 ' (2**^ 

ir< A?/ //aaasXX ','r- -r-jf 4’2syxi}., Lj a^\ 

7, Aa/asps (A>Avr 'C'l' 

S. AxacaapK, f Asfi'tr “s') 
f Hars 8 o:.7S C/2-^ 

/O. U" Aai-rs yafX/fi ( 2*C7 juu 
//. 'l^e'Lo Assy 
/£, /a/stxuyt/oax 


f>St 


lySAP Iajt(^ ^ 7 , a'/z 
Shop lAPiX. 22 >S^hk 
SXMU ' aPo/Z 

4> 4, 7’T' 

a, CO 8. so 

s/. s"o 7 , so ' 

44 .SO ^,so 

l.'l^ /,oo 

f.FS'' 

/3,S 0 

'-3 '^4S.iy" 

ft_-no); ?,&7 

f ^ Sb.CO 


S3. 31 
2 f, 
2,0, /i, 

?.oo 


Z,lo 

44 ..:. 0 

?,0O 

32.30 


4 / 0^6 


^ /2S, & 7 

^ / 6 , 3 % 

^/ 3 Z ,23 


V* 

-no,. 


7’ so 

7.SO 

S (oO 
0. TS 
C>3S’ 
SCJ 


3>‘LS 

\*f t* > Y' ^ 

. »r * ’ 

tJoZ /a. ?3 

^sy.sa 


Sue Tot 4 l. ■^ 267.42 ^/47.S8 


99 :K 1“663 


ORIGiNAl PAC'i: m 

OF POOR QUALir/ V ^ 


£/.& //os£s \ 

t 

L/A//^/aN - SrsA^/ S/o^: . 

/• A Ah- W/VC4. K '(iyAr) 

^ , S/^AC/<£ T • ' WdLp r 

o'. "U" ^o^rs 'V&Pm 

<S^ , //fsrA/.^A r/oH 

T~l^iJ/VAA/ 0 - ^^Arsfi S/ti£. 

fsA/<£ SFi^A/1 .7, Pa ; 

'. . 'T 

■t/dfo 

Tart^u 


/ycr£^u 

^A>ap Iaspk ^A2»o<!>/^a; 


_/VAr^A!AU 


S.SC. 

4^00 

4,2.0 

9.CZ 

s-.jy 

^ . 

f. no 

/3.St> 

'^’ 2.4>^0 


^ 2 4-AO^ 

^27-/2. 

'* */e. S'O 


4 , 8^ _ V 

8J>K /i>, 

/ S'^, ,C3 




$ 
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Oil,aiHAi P/iC'.: ‘7 

OF POOR QUAUJV" 


A/iiAi 

i./f 

* j 

Zf/T/FK Z/A/0S ^ Cat/AFtiTtO^^ ‘^( 

S rjF-A/A l///iF t, 

4 Si 3 /a Ttjswd /“foa'i 

To £i£t/Ar/aA/ 7riiJ/////o// '* ' ' 

OtA TuiS/HQ AAttM £l£/A-r/t>A/ ("Aa, 284^ -t 203sAj.S7'^ 

rb /4z/<MUrH CfAr/r/K S///rt-/F 
3> V7£L0 Je>///r£ C"vT ro//frs'^^ 

/fArJAttAU. 

^ s'?, ?c> 
7?J4 

/Jh<30 

7 8S: 00 
(e>7>3‘0 

ZZate?^ .' 

4-, 4" FA/yfE" /IS AS&VS u/a/&^ 

1 

/3?,/0 

« 

337,3^0 

S7 Cl/mF ~ ///jOA/r/A/J (fTtrA/ff/zAe-J 

J/'/SULHr/OA^ /SuodA’ /4 Fr^j 7 juu 

u uof-y- ^ / J^) -<S- 

C U"* SolT S >A>A7ef^ in'/ts) ( 7-^ j 

, //JSULATtO/'J (sVeAV'x ^ 77 Ft Q 4-.Co/,T^'^ 

F 

8 4", 00 
73, (,f 

3 2(o , CO 

'^33. 94- 
3% Lo 

. 37.7.0 

/OZ,oo 


/ 7Zi>, rs ?r^.34- 

IZM . r20% 

SiM Totau ^ 77S,7'f 

■sr'/iL. afi St/0 70t,-n.s» /3£7.CS 

5/5' 

MoSrOo 

63f?,oO 

Mo7 

/3t^7^cS 

"77*q/<L 




/^Cj£')( /Vcist^ 7^i.£'/AT/o// ( SrCAfA jLtfje^ 

/7t>S& tft.SVAT*0 A/ jLtt^S^ 

/^oK /^e>s<£ /Iz/rti/TA ( Sr£‘A/n Cu'^a ) 

,’kaK A'‘o0t£ /Sz/.-'tUrf^ Z//vsJ 

G/?ahd /otaL 


Gr^''/;rc'>/<rA ' 

3/ ' Vv* J.'/t iA}Jc:.i'^£p T/tiM^c 
,;/• ■^.vr.-vj £//^ TCF /' : 7fF.‘L 

/j >1'i‘\ a: 3/'/js. //■^/ 

3-f . C'-£ 
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ommi\i PACE B 
OF POOR QOAUTfY. 


INSULATED FLEXIBLE HOSE ASSEMBLIES 
FOR EXPANSION JOINT APPLICATION 
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oRiGWAuPAGEisSiGN POSTS AND ACCESSORIES 



F I C 


G J -1 POSTS 


Si(jn P(nl>> arc nnuiufiu’iurcd 
from a rail flanucd i lianm!l H'l'- 
lion. The ilcsinn of !liK svciioii 
n.akcs it one of ihe slronjjcsi possi- 
ble for use as Uoule Marker Posts 
anil Hlnhoa> .Sinn Posts. The use of 
rail steel in rollinn this seelion uiscs 
it the liinh tensile slrciiRlh desirable 
for this use. 

Kaeh of these posts is piinehed 
with si\t) 3 '8" hole on 1" ceniers 
bepinninR 1" from the lop of the 
post. 

In ereeiloR — siRii post should be 
drisvn 18” |o 24” into Rround for 
ripidiiv and stabiiil} . 

.Mountin': of Traffic Siens — for 
commercial and business districis — 
The distance from the bottom of the 
fipn to the Rronnd shmild b'’ 7 feel. 




- "’i 

Sifn P(",ls aie Is he used *ilh Ttallic Si?ai Pajss 103'107. 



Code 

length 

Weight 

■Pine Ea. 

Per Post 

Np, 

finl 

Pci Fool 

5 Post 

lOOier 

68-34 OhO 

8' 0" 

2 Ihs. 

513.75 ea, 

513.30 ea. 

69 34 050 

9. 5.. 

2 lbs. 

15.10 t). 

M.65 ea. 

70^34.100 

lO'.O" 
1 * 

2 lb-, 
live 

» 

16.35 ei, 

16,70 ea. 


If 
• I 
■ i- 



i, “Extra Hcasy 


Speeds Up InsUllullon 
Prevents Marling Ihe 
PosI Ends, For Trallic 
Sigii Scries Posts, 

68 34 CSO thru 70-34-100 
(Hoi (or C6-34 006 posU) 


Code Ho. 

Price 

5185012 

517.25 ea, 



Ciidn 

Lcpgih 

’Plies El 

, Per Post 

Ho. 

Fret 

5P<nt 

lO-Ovet 

66 34 0116 ■ 

6' 

55 /3 ea, 

58.30 ea. 


tire 



A I I •r'A 

^ ■ . M •• 


m. PER rr, 1,17 isi, 


PUFJAELEST.fih'DARD :::■ N ' 

T-'iC (Porfib!-; Traflic Stanchion) 

No Itaiiiiig, Wide of lifetime cast iro'i, 
iNc! s'anirsil meb!) O.tiall heighl is 4Z”, diander 
h V> aopicdriiate weigiit is 3f Founds. 
12 s 18", !8 X 24" and Square 
24" X 24" Ttallic Siens Fit the T-90 


NO 



12-10'0!9 

1031 



. of tiaffic signs on pa£i.s 

r-Tl . . . ..A 103 thru 109 to Tiatfic 

(!''r!l’’!rTirrr..| ^ sign rasls 6S-34 080 thru 
7 70.34-100, also C6-34-00G 
^ Deiintalof pcsls. Each sign 
takes two bolts. 


57i5-0D2 


16- 


hialiiial 

6ci of SO 
Bolts and Nuts 

j 1 htU 

SSP.SS' 

P.I.P-M 


/ A 
/ 




Dcllneiitur 
Not tncludi-'d 
With Fosi 
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